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Background: The increased demand to reduce costs and hospitalization in general pushed several
institution worldwide to develop fast-tracking protocols after pulmonary resections. One of the commonest
causes of protracted hospital stay remains prolonged air leaks (ALs). We reviewed our clinical practice with
the aim to compare traditional vs. digital chest drainages in order to evaluate which is the more effective to
correctly manage the chest tube after pulmonary resection.

Methods: All patients submitted to elective pulmonary resection for lung malignancies, between April to
December, 2014 in our General Thoracic Surgery Department were included in the study. The primary
outcome was the chest tube duration, the secondary the postoperative overall hospitalization. Significant
differences between traditional and digital groups were investigated with logistic regression models.
Numerical variables between the groups were compared by means of the unpaired Wilcoxon-Mann-
Whitney test.

Results: Both series of patients were comparable for clinical, surgical and pathological characteristics.
Chest tube duration showed to be significantly shorter in the digital group (3 vs. 5 days, P=0.0009), while
the hospitalization was longer in traditional one [8 vs. 7 days in digital drainage (DD); P=0.0385]. No chest
drainage replacement was required at 30-day, in both groups.

Conclusions: We were able to demonstrate that patients managed with a digital system experienced a
shorter chest tube duration as well as a lower overall hospital length of stay, compared to those who received

the traditional drainage (TD).
Keywords: Air leak (AL); chest drainage; traditional chest drainage system; digital chest drainage system;

postoperative management

Submitted Aug 14, 2015. Accepted for publication Sep 08, 2015.
doi: 10.3978/j.issn.2072-1439.2015.09.12
View this article at: http://dx.doi.org/10.3978/j.issn.2072-1439.2015.09.12

© Journal of Thoracic Disease. All rights reserved. www.jthoracdis.com F Thorac Dis 2015;7(10):1719-1724


https://core.ac.uk/display/302013663?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

1720 Filosso et al. Digital vs. traditional air leak evaluation after pulmonary resection

Introduction

The increased demand to reduce costs and hospitalization
in general pushed several institution worldwide to develop
fast-tracking protocols after pulmonary resections (1). One of
the commonest cause of protracted hospital stay, as well as one
of the most frequent complications after pulmonary resection,
remains the prolonged air leaks (ALs). Their incidence may
depend on several factors, which also include physiological
patient’s characteristics at the time of surgery. About 30%
of patients receiving lung resection may have ALs either
immediately after operation or during the first postoperative
day (POD) (2-4). Moreover, ALs are considered prolonged if
they persist for more than 5 to 7 days.

The duration of chest drain after lung resection depends
on several factors, one of which is the possible interobserver
variability concerning ALs presence and/or entity (5). The
availability of electronic devices made possible to reduce
this variability, improving the rate of sooner chest drainage
removal. Their superiority compared to traditional devices
has been demonstrated by some recent studies (6-10), whilst
other did not reach the same conclusion (11).

Since we had the opportunity to use a new and more
sophisticated version (Drentech™ Palm Evo, Redax S.p.A,
Poggio Rusco Mantova, Italy) of the previous digital device
we used (9), we reviewed our clinical practice with the aim
to compare traditional vs. digital chest drainages in order
to evaluate if the electronic is more effective than the
traditional to correctly manage chest drainage after elective
pulmonary resections for lung malignancies.

Patients and methods
General overview and chest tube management

This is a mono-institutional prospective observational
study. All patients submitted to elective pulmonary
resection for primary lung cancer or lung metastases,
between April to December, 2014 in our General Thoracic
Surgery Department were included in the study. The only
exclusion criteria was the presence of strong and diffuse
pleural adhesions detected at the time of surgery, because
of the high-risk of postoperative prolonged ALs, in order to
minimize the variability between the groups of the study.
Patients treated with preoperative protocols (i.e.,
chemotherapy, radiotherapy) were also considered. Surgical
procedures were performed through a muscle-sparing
anterolateral o posterolateral thoracotomy, according to
the surgeon’s preference. Staplers were used to complete
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Figure 1 Traditional (A) and digital (B) chest drainages used in this
study.

the fissures. Systematic lymphadenectomy was routinely
performed in case of primary lung cancer. Metastasis was
managed by segmental or wedge resection using a stapler
device. Sealants (i.e., TachoSi1®—Nycomed, Vienna, Austria)
were placed in case of intra-operative ALs.

At the end of each surgical procedure, one chest tube
(between 24 to 28 French in size) was used and placed on
20 cmH,O suction. The suction was applied in different
method, as follows:

(I) Traditional drainage (TD, Figure 14): the “water
seal” system was connected with the wall-mounted
vacuum (i.e., ‘wall suction’);

(I) Digital drainage (DD, Figure 1B): the system
maintains the water seal but it is also integrated with
a reusable digital portable pump, which supports a
constant negative pressure. The DD-system allows
to record minimum and maximum pleural pressures
and airflow through the chest tube and displays the
data as median in the last our o in tracked fashion (up
to 99 h).

A chest X-ray (CXR) was taken in POD 1. The chest

drain algorithm for its removal was as follows:

* Removal in POD 2 if it was not contraindicated by
CXR, the overall fluid output was not higher than
250 mL/24 h and the drained fluid was not either
chylous or hemorrhagic.

® ALs are no detectable on water-seal in TD group,
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Table 1 Clinical, surgical and pathological characteristics: population analyzed and groups of interest

1721

Variable N [%] Digital group, 40 patients [%] Traditional group, 40 patients [%] P*
Age/years, mean (SD) 68 (8.1) 69 (7.9) 67 (8.3) 0.234~
Gender/male 48 [60] 24 [60] 24 [60] 1
Side/right 49 [61] 20 [50] 29 [73] 0.037
Smoker/yes 49 [61] 24 [60] 25 [63] 0.818
BMI/mean (SD) 25.5 (3.6) 25.4 (3.8) 25.7 (3.7) 0.602~
FEV,/<80% of predicted 20 [25] 10 [25] 10 [25] 1
Preoperative treatment 6 [8] 3 [8] 3 1[8] 0.691
Size/mm, mean [SD] 28 [16] 29 [18] 27 [14] 0.525~
pTNM/69 patients 0.873

la-Ib 41 [59] 20 [57] 21 [62]

lla-llb 18 [26] 11 [31] 7 [21]

llla-1llb 10 [14] 4 [11] 6[18]

Surgical resection 0.444
Lobectomy 63 [79] 32 [80] 31[78]
Wedge/segmentectomy 14 [18] 6 [15] 8 [20]

Bilobectomy 3 [4] 2 [5] 11[3]

*, Logistic regression; ~, Wilcoxon-Mann-Whitney test. SD, standard deviation; BMI, body mass index; FEV,, forced expiratory

volume in the first second.

or lower than 20 mL/min in the last 6 h in the DD
group.

All the removal criteria are evaluated during the morning
tour, in both groups.

Patients were informed of the purpose of the study and
were also invited to sign an informed consent document.
Local research ethics committee approved the study
protocol.

Data variables and outcomes

Clinical, surgical and pathological characteristics
encompassed in the study are the following: age (as
continuous), body mass index (BMI), gender, smoke
habit, forced expiratory volume in the first second (FEV)),
%FEV, (%), side of surgery (left vs. right), preoperative
lung atelectasis, tumor size (mm), kind of surgical resection
(lobectomy vs. wedge/segmentectomy vs. bilobectomy),
pTNM tumor stage [in case of non-small cell lung cancer
(NSCLCQC): Ia-Ib vs. Ila-IIb vs. I1Ia-IIIb], preoperative
treatments (i.e., chemotherapy or radiotherapy). The
primary outcome was the chest tube duration, which
was calculated in days; the secondary outcome was the
postoperative overall hospitalization. Finally, the association
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between post-operative morbidity and kind of drainage
system was also evaluated.

Statistical analysis

Categorical data are presented as number (percentage, %),
continuous ones as median [interquartile range (IQR)].
Significant differences between traditional and digital
groups were investigated with logistic regression models.
Numerical variables between the groups were compared by
means of the unpaired Wilcoxon-Mann-Whitney test.

Statistical analyses were performed using STATA
(version 12.1).

Results

Patients’ characteristics are shown in 7able 1. During the
study period, a total of 80 consecutive patients underwent
surgery for primary lung cancer or lung metastases.
The mean age was 68 years [standard deviation (SD): 8.1];
the majority of patients were male (48-60%) and smoker
(49-61%). BMI (25.4 DD vs. 25.7 TD, P=0.602) and
FEV,% (P=1) were similar in the two groups. Any
patient presented a preoperative lung atelectasis. Six (8%)
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were submitted to preoperative treatment: five patients
underwent chemotherapy and one patient radiotherapy,
respectively.

Lobectomy was the most common surgical resection
performed (63 cases, 79%), followed by sub-lobar resection
(14-18%). Three patients received a bilobectomy.

Sixty-nine patients were diagnosed with a NSCLC and 11
with a lung metastasis (Figure 2). In the NSCLC group there
were: 56 adenocarcinomas, 10 squamous cell carcinomas and
3 carcinoids. Their pTINM stage was distributed as follows:
27 stage la, 14 stage Ib, 15 stage Ila, 3 stage IIb and 10 stage
ITa.

Mean chest tube duration was 4 days (SD: 1.8) and mean
patients’ postoperative length of stay was 7 days (SD: 2.9),
respectively (Table 2).

Lung diseases frequencies

40
35 [ Digital group
30 W Traditional group
25
20
15
10
5
— (]
carcinold i metaa

Figure 2 Lung malignancies histology. NSCLC, non-small cell

lung cancer.

Table 2 Outcomes of interest

Both series of patients were comparable for clinical,
surgical and pathological characteristics (Table ).

Figure 34 and 3B showed the differences in terms of
chest tube duration and length of hospital stay amongst
the two groups. In particular, chest tube duration showed
to be significantly shorter in DD (3 vs. 4 days, P=0.0009,
Table 2), and the hospitalization was longer in TD (8 vs.
7 days in DD; P=0.0385).

No chest drainage replacement was required at 30-day,
in both groups.

Discussion

Chest drainage duration after elective pulmonary resection
mainly depends on the presence of ALs and/or the amount
of pleural effusions. This has been shown to be one of the
most important factors that may influence both overall
hospital stay and costs (12,13). The lack of objective
measures that may quantify ALs in the postoperative course
and replicated amongst physicians has also contributed
to prolong chest drains placement and overall hospital
length of stay. The digital chest drains recent development
markedly reduced interobserver variability in chest tube
management, as reported in the literature (5).

Our study showed that patients receiving digital ALs
evaluation experienced chest drains removal 1 day early than
those treated with the traditional systems. Furthermore,
the first were discharged from the hospital earlier than the

Outcome Mean (SD) Digital group, 40 patients (SD) Traditional group, 40 patients (SD) P*
Chest tube duration/days 4 (1.8) 3(1.5) 4(1.9) 0.0009
Length of postoperative stay/days 7 (2.9) 7 (3.0) 8 (2.6) 0.0385
*, Wilcoxon-Mann-Whitney test. SD, standard deviation.
A Chest tube duration (days) Length of postoperative stay (days)
25
16 ¥ Digital group M Digital group
14 M Traditional group 20 W Traditional group
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Figure 3 Differences in outcome of interest between the two groups in term of (A) chest tube duration and (B) length of postoperative stay (days).

© Journal of Thoracic Disease. All rights reserved.

www.jthoracdis.com

7 Thorac Dis 2015;7(10):1719-1724



Journal of Thoracic Disease, Vol 7, No 10 October 2015

second; no readmission was required in both groups due to
chest drain replacement, as consequence of pneumothorax
or pleural effusions. Similar results were also observed by
Pompili ez 4l. in a recent multicentric international study (10).
Compared to our previous experience (9), in this study we
used only one chest tube to drain the pleural space after
elective pulmonary resection.

Our results are in line with those reported in the
previous studies (6,8,10); only Lijkendijk ez /. (11) did not
found a difference in term of chest tube removal between
DD and TD. The authors explained their results with the
introduction of a strict algorithm and instructions for chest
tube removal (for both traditional and digital ones), to be
possible to decide the removal by the staff nurses without
consulting the surgeons. We also elaborated very rigorous
criteria for chest tube removal (in terms of pleural effusion
amount, which was more severe compared to previous
studies cut-off, and AL presence) but we found significative
differences between the two systems. Those stringent
criteria derived from our clinical experience (9) as well as on
a learning curve on the use of digital devices.

The digital chest drainage superiority compared to the
traditional one, in terms of standardization of chest tube
management after elective pulmonary resections have
been observed in the recent years (6,7,9). One of the most
important innovations introduced by these devices is the
dramatic reduction of the interobserver variability on
AL presence/entity (5). The AL quantification (mL/min)
using a digital air-flow meter, as well as the availability of
recorded data for several hours, have increased the surgeon’s
confidence in the security of chest drain management. By
eliminating the subjective estimation and making available
reproducible data, digital system drainages made the pre-
removal drainage clamping (14) useless, as well as the need
to place Heimlich valves (15).

Finally, the digital devices use made possible an early
patient mobilization as well as an improved postoperative
physiotherapy. This markedly reduced the risk of secretion
retention and pneumonia.

We are aware that the present study has some potential
limitations: first, the results were obtained in a General
Thoracic Unit already experienced with digital drainages,
even if the devices we used represent a technical evolution
of others we adopted in a previous study (9). Nevertheless,
the digital tube management was not totally new for us,
and this might have influenced our results. Second, the
lack of randomised design: this was a mono-institutional
observational study the results of which, however, are
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completely in line with those previously reported in the
literature, also in multi-institutional international ones.
Finally, the study was not blinded for both patients and
physicians: therefore, a possible bias in the postoperative
drainage management between TD and DD could not be
entirely ruled out.

Conclusions

In conclusion, we conducted a mono-institutional
observational study on chest drainage management after
elective pulmonary resections for lung malignancies. We
tested a more sophisticated version of a previously used
digital device, and we were able to demonstrate that patients
managed with an electronic system experienced a shorter
chest tube duration as well as a lower overall hospital length
of stay, compared to those who received the traditional
system. Future investigations concerning the possible
variations in endopleural pressures may be useful to evaluate
AL trends in the postoperative course after pulmonary
resections.
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