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Abstract
Background: Silastic drains (SDs) are widely used for postoperative chest drainage. We performed a
direct comparison of SDs and conventional single-lumen thoracic catheters (TCs) with similar sizes.

Methods: We performed a historically controlled retrospective study. SDs (24 Fr in size) were used for
postoperative drainage from September 2017 to May 2018, and TCs (24 or 28Fr) were used from June
2018 to March 2019. Drainage tubes were maintained with a water seal alone. A comparison was
performed of the volume and the speed of �uid until 48 hrs after surgery, the undrained area on chest X-
ray, expansion of subcutaneous emphysema, and the duration of drainage.

Results: One hundred �fty-eight patients with SDs and one hundred �fty-�ve patients with TCs were
included. The patient characteristics were equivalent between the groups. The median length of drainage
was two days for both groups. The �uid drainage speed was similar between the groups. While the
incidence of expansion of subcutaneous emphysema was equivalent for both groups, reinsertion of
drainage tubes was more frequent in the SD group due to insu�cient air drainage.

Conclusions: SDs and TCs have almost equivalent drainage performances. For patients with a risk of
massive air leakage, SDs should be avoided.

Background
Silastic drains are already used widely after lung surgery. They have the advantage of comfortability for
patients because of their elasticity. Their longitudinal slit length covers a broad area for drainage. Their
softness allows �exible tube placement. However, there are potential weaknesses in the unstable tip
placement and the potential “bottleneck” of the tube due to the quadrant lumen.

19Fr SDs are popular after lung resection. They are a good alternative to large-bore TCs. Indeed, previous
studies compared TCs with 19Fr SDs with almost similar drainage performances. However, continuous
aspiration with 19Fr SDs must be applied because of their limited lumen size.

The 24Fr silastic drain is less popular than the 19Fr drain. The larger tube size might have some
advantages. Continuous aspiration might not be necessary for 24Fr tubes. Although 24Fr tubes are large,
their softness is much better than that of rigid thoracic catheters. The 24Fr silastic drain is the
intermediate between the 19Fr silastic drain and the rigid thoracic catheter.

There have been no previous reports directly comparing the simple structural differences and e�cacy of
drainage between SDs and TCs. Here, we performed a historically controlled study with these two tubes
used in different periods (nine months for both) and compared their outcomes.

Methods
Study Design
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We performed a historically controlled retrospective study. We used either silastic or thoracic catheters
consecutively during the designated period: silastic drain group: September 2017 to May 2018; thoracic
catheter group: June 2018 to March 2019. The same team performed all surgeries during these periods.

Patient selection criteria

Consecutive lung resection cases were included. Both thoracotomy and video-assisted thoracic surgery
(VATS) cases were included. However, cases of spontaneous pneumothorax were excluded because the
duration of drainage was too short.

Drain placement procedure and management

To compare the drainage e�cacy, we placed the drainage tube via the same route (Figure 1). We inserted
the tube from the “video port” placed in the seventh intercostal space on the posterior axillary line. The
drainage tube was placed posterior to the lung, and the tip of the tube was located on the apex of the
lung. Drainage tubes were maintained with a water seal alone. Low-pressure aspiration was applied only
in patients with expanding subcutaneous emphysema. The drainage tube was removed as soon as
possible if the discharge was less than 200 ml/24 hr without evident air leakage.

Evaluation

The amount of drained �uid was obtained from the chart. The �uid was measured hourly on the night of
the operation and every eight hours from one day after surgery. The undrained area and subcutaneous
emphysema were evaluated by chest X-ray imaging. Chest X-ray images were taken just after the surgery
and on days one and two after surgery. Expansion of subcutaneous emphysema and undrained �uid was
evaluated by X-ray images.

Statistical analysis

Continuous variables with a normal distribution were compared using Student’s t-tests. The Mann-
Whitney test was used to test the signi�cance of the difference when the distribution was not normal. P
values less than 0.05 were considered signi�cant.

Ethical declaration

The internal review board approved this study of Saitama Medical Center (No. 2154).

Results
Patient characteristics

24Fr SDs were used for postoperative drainage from September 2017 to May 2018, and TCs with a
similar size were used from June 2018 to March 2019. One hundred and �fty-eight cases were included in
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the SD group, and 155 cases were included in the TC group. The patient characteristics are summarized
in Table 1. There was no signi�cant difference between the groups.

Fluid drainage amounts

The amount of �uid was recorded hourly on the day of the operation and every eight hours from one day
after the surgery (Fig. 2 and Table 2). The cases were strati�ed with or without air leakage. There was no
difference between the SD and TC groups regardless of the air leakage throughout the observed periods.

Undrained �uid on chest X-ray

The residual amount of �uid was evaluated by chest X-ray images. Twenty-six patients (16.5%) had an
undrained space on chest X-ray in the SD group, while 31 patients (20%) did in the TC group on day two
after surgery (Table 3). When we focused on lobectomy cases, undrained spaces were more common in
left upper lobe cases in the SD group and left lower lobectomy cases in the TC group (Table 4). There was
no difference in the right-sided procedures.

Expansion of Subcutaneous emphysema

To compare the drainage e�cacy on air, we evaluated subcutaneous emphysema on chest X-ray images
on days one and two after surgery. (Table 3) There was no signi�cant difference in terms of incidence
between the SD and TC groups. However, reinsertion of the drain was more common in the SD group
because of the uncontrollable expansion of subcutaneous emphysema. (Table 5) These four cases of
drain reinsertion due to air leakage were not controllable even with the application of continuous
aspiration.

Discussion
Kejriwal and Newman �rst reported the application of SDs in thoracic surgery [1]. Subsequently, several
surgeons reported its use in lung resection with feasible results. [2–5] Currently, 19Fr SDs seem to be
more popular than 24 Fr SDs because of their comfortability and less invasiveness. The preceding
comparison of SDs with conventional TCs used a 19Fr silastic drain. Whether a silastic catheter is
superior to a conventional drain in terms of “structure” has not yet been discussed. Here, we performed a
direct comparison of 24Fr SDs with TCs of a similar size to elucidate this issue. Both drains were
similarly effective in most of the cases. The incidence of adverse events was almost equivalent, except
for the reinsertion of the drainage tube. In the case of massive air leakage, SDs were not effective even
with continuous aspiration.

The amount of �uid was almost equivalent, which is compatible with the feasibility study reported by
Icard et al.[3] There was a concern about the potential “bottleneck” due to the quadrant lumen structure of
SDs. According to the Hagen-Poiseuille equation, the size of the lumen impacts the amount of liquid to
the fourth power. (Q = πr4/8 µ(dp/dx), where Q is the volume of the liquid, r is the radius of the lumen, µis
the viscosity, and dp/dx is the pressure gradient). Indeed, in an in vitro experiment using 19Fr SDs
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compared with 28Fr TDs, the �uid drainage capacity was nine times lower with SDs. [6] However, the
difference was not meaningful in the in vivo study in terms of the �uid drainage. [6] The result was
consistent with the clinical outcomes of our study and other studies. [4, 7]. This is probably because of
the slow and/or intermittent �uid �ow of pleural effusion.

The drain placement procedure can affect the results. Flexibility is one of the great features of SDs and
enables dynamic tube placement. Fukui et al. compared two different placement procedures of the 19Fr
silastic drain. They compared the anterior-to-posterior approach with the posterior-to-anterior approach.
[8] They reported that the posterior-to-anterior approach was preferable. Our procedure was similar to the
posterior-to-anterior approach. However, the 24Fr SD tube was slightly shorter than the 19Fr silastic drain,
which might limit the area of drainage, especially in cases of left upper lobectomy. In the case of left
upper lobectomy, the tip of the SD tube could not reach the anterior-cranial area of the residual lobe,
which caused residual effusion. Although we selected the posterior-to-anterior approach for all cases this
time, it would be much better to change the drain placement route according to the type of surgical
procedure.

The incidence of expansion of subcutaneous emphysema was equivalent between the groups. However,
there were certain cases of insu�cient air drainage. Drain reinsertion was required in four cases due to
uncontrollable air leakage. These four cases were managed by reinserting a 28Fr trocar catheter. This
suggests that the drainage tube was the bottleneck of air drainage. Saxena P et al. also reported their
concerns about the air drainage performance of SDs. [9] They reported two cases of insu�cient air
drainage with SDs after lung resection. From their experience, they reported avoiding the use of SDs in
cases of extensive �ssure dissection or signi�cant air leakage at the end of the procedure.

Sakakura et al. compared the drainage e�cacy of drains with different sizes in experimental models. [7].
They modeled postoperative air leakage using air �ow from the respirator to compare the air evacuation
pressure and air expulsion time. According to their results, 19Fr SDs were equivalent to 12Fr TCs in terms
of air drainage. The performance of 24Fr SDs was in between that of 19Fr SDs and 32 Fr TCs. The
difference decreased if the expulsion time was shorter. For slow air �ow, such as during breathing, the
difference was not apparent. However, for fast air�ow, such as during coughing, the performance
impacted the clinical outcome, such as the expansion of subcutaneous air leakage. When air leakage
was substantial, SDs were not suitable for drainage, even with the application of continuous aspiration.

In the case of substantial expansion of subcutaneous emphysema, we applied low-pressure aspiration.
However, for most cases, water sealing was su�cient. The four cases of reinsertion in the SD group could
not be managed with aspiration. Air drainage and �uid drainage are different. Air �ow such as during
coughing is much faster and substantial than �uid �ow. This means that the structural difference does
affect the clinical outcome. However, these cases were exceptional. For most of our cases, air drainage
was su�ciently controlled with water sealing. Routine low-pressure aspiration was not required for 24Fr
SDs.
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Two previous reports compared 19Fr SDs with TCs after lung resection. [4, 7] Both reported that 19Fr SDs
with aspiration were not inferior to TCs. Our study also showed that 24Fr SDs were almost equivalent to
TCs without aspiration in most of the cases. However, it is a burden that SDs cost more than twice the
cost of TCs.

Our study has several limitations. First, this study was conducted with a single-center retrospective
analysis. The patient backgrounds were almost equivalent between the groups, and a similar number of
cases were included. The same surgical team performed all the procedures. Therefore, the allocation of
the groups was successful. However, this study was not planned without estimation of statistical power,
which might cause obscurity in the interpretation of the results. Second, we inserted the SDs with a
similar pathway as TCs. Our intent was simply to compare the performance of SDs with TCs from a
structural viewpoint. However, the drainage performance could be affected by the placement procedure. A
�xed placement pathway might result in the underestimation of SD performance. Third, we could not
collect data on patient comfortability or pain. This might also cause an underestimation of SD
performance.

Conclusion
SDs and TCs with similar sizes showed almost equivalent performances except for in the case of
massive air leakage. Careful patient selection and appropriate tube placement procedures would improve
the performance of SDs in practice.
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Figure 1

Representative chest X-ray of the SD tube in this study The X-ray was taken on day two after surgery. The
drain was inserted via a posterior-to-anterior approach.

Figure 2
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Amount of drainage �uid at each time point The �uid amount was almost equivalent between the groups,
regardless of the presence of postoperative air leakage.
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