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Abstract

Background: Cardiac surgery requires the placement of drains in the mediastinum,
pericardial space, and pleural spaces at the end of the procedure. Recently, small, flexible,
fluted silicone drains have been widely used after cardiac surgery. Although preliminary
reports suggest that small silastic drains are superior to conventional rigid large-bore chest
tubes, there has been no experimental comparison of the drainage capacity of these drains
under similar conditions. To compare the efficacy of smaller silastic drains and conventional
chest tubes, a three-part in vitro and two-part in vivo experiment was performed.

Methods: In the first part of the in vitro study, the drainage capacity of 19-F silicone
drains and 28-F conventional tubes was tested under steady flow. Both tubes were placed in a
water bath and drained at a pressure of 10 mm Hg. In the second part of the in vitro study,
the drainage pattern was also visualized. Finally, an anatomically identical apparatus,
consisting of a silicone ventricle and a latex-rubber pericardium, was employed to simulate
drainage under clinically similar conditions. In the in vivo study, 19-F and 24-F silicone drains
and 28-F and 32-F conventional tubes were inserted into the hemithorax or pericardial space
of 12 adult pigs. Blood was infused into both chest cavities or pericardial spaces, and the tubes
were drained at 15 cmH.O.

Results: In the in vitro study, the drainage capacity of the conventional chest tubes was 7
times greater than that of the smaller silicone drains. However, in the in vivo pleural drainage
test, the drainage capacity of the smaller silicone drains was greater than that of the
conventional chest tubes. Additionally, in the in vivo pericardial drainage test, there was no
difference in drainage capacity between the two types of tube. Furthermore, the flow
visualization test revealed different drainage patterns in the two tubes and showed that the
most effective portions were the most proximal slits of the silicone drain and the side holes of
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the conventional chest tube. However, in the in vitro pericardial model, there was no

difference in drainage capacity between the two types of tube, as the slits or side holes were

completely within the pericardial cavity.

Conclusions: This experiment demonstrated that the smaller silastic chest drains have a

sufficient drainage capacity that is almost identical and possibly superior to that of

conventional chest tubes.
(HARER KRS 2HRE  2008; 4: 88-95)
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Table 1 Two different types of drain tube

round Blake hubless silicone drain

19F Johnson & Johnson,
24F Somerville, NJ, USA

V5 Yy 2 UK-AT7—FNV (572 AR

28F

9oF UNITIKA, Tokyo, Japan

32F Thoracic Catheter

24F Silicone Drain

Msilicone Drain

28F Thoracic 32F Thoracic
Catheter Catheter

."‘....JI

T~

19F Silicone 24F Silicone
Drain Drain

Fig. 1 External appearance and cross section of
the thoracic catheters and the small silastic
drains.
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Fig. 2 The apparatus for testing the drain tubes
under steady flow.

B OENICEA A T —T Ve, FL—vFa—7
EREE L. BRENWYEEZIIES R EIITF2—
TORAIRZ V) 3> 7V —THE, BN
AHCEASEC 2 B XD IC L7 B RIR AR THER
L72AKEAKEL, BiEEY7 QMSA ¥ 7 2 —HF—
M-04 ; JMS, HH) % HWT10mL/min THEAL,
5|3 (MERA % % 2 — & MS-008 ; 5t TR T
¥ R ZHWTCRFL—rF2—7% 15cmH0 T
PEE L, 20 0IEHI L7z, B OORMoOEE % 0
B, 45, 90 EEEMSEENFNO RN L -V F a—
TIZOWTHREEI T2, £ FL—rFa—70HH
IR O % BIEE L 72,

EMERICEIMIERNL - HHREDHE
EEH
W51F40~42kg D7 ¥ 12 BT, LG RREETICH
LA DORPENICIEAR A 7 =TV e, ZhEh i
%ABFNL—rvFa—T7T%REL (Fig.4a). 19F ¥
Vay R L=V EFVYI Yy 2 hT—T IV eilA
Ghbt, UF YAV FL—VERF VYTV I H
T =TIV EHAGDETENETNOHMAE LKL
THO6HDOT ¥ ZHNTEREIT- 72, FhAOKPED
60 & 2 EM L CaldF o EBREII I )
Iy FL—r%, BEGFOEREWITARECY F
Yy I A T—TNVERELTEREITo72. HOML



HERESEE 2008; 4(2)

91

32F \
Thoragi

Fig. 3 The apparatus of the in vitro experiment of pericardial drainage.
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Fig. 4a Schematic drawing of the in vivo experiment of pleural drainage.
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Fig. 4b The set of equipment of the in vivo
experiment of pericardial drainage.
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Table 2 Relationship between drain tubes and viscosity

Viscosity Flow rate mL/min
P Sponge " : :
¢ Silicone drain Thoracic catheter
1.0 - 245 1,793
38 - 194 1,729
38 + 194 1,542
A 2000 - b 2000 r
m} a =
1500 | .‘I,OcP 1500 | .Sponge()
-
TE‘ 38cP é Sponge(+)
2 o
T 1000 f ® 1000
3 3
[T L
500 + 500
0 I_- 1 0 I_- 1 |

Siliconedrain Thoracic catheter

Silicone drain Thoracic catheter

Fig. 5 a: Drainage capacity of the two different drain tubes for different viscosity. Note that the flow rate was
reduced by 24% in the silicone drain and 4% in the conventional chest tube for different viscosity.

b: Drainage capacity of the two different drain tubes with and without sponge. Note that the flow rate was

reduced by 11% in the silicone drain but unchanged in the conventional chest tube when both drain

tubes were embedded in the sponge.

19F Silicone Drain

28F Conventional Tube

Fig. 6 Comparison of flow visualization test results using two different
drain tubes. Note that the most effective portions were the most
proximal slits of the silicone drain and the side holes of the

conventional chest tube.
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Fig. 7 a: Relationship between infusion volume and mean suction volume of in vitro pericardial drainage.
b: Difference between infusion and suction volume for in vitro pericardial model. Note that there was no
difference in the four drainage tubes for mean residual volume.

U]
o

600 - 60
—— 19Fr
infusion ) 50 —— ouf
L £ I .
- --=&~== 28Fr
3 —m— oaFy o
E 400 §4JD | ---#--32Fr
= === 39Fy =
2 s
£ ---@--- 30F
5 300 ' o w0 | A-u-e.
2 2 ;
2 2| pfet
:
L 200 B2 ¢
[ .E 1
0
100 210
0B . . : o L . L . L :
0 5 10 15 20 25 30 0 5 10 15 20 25 30

Time (min} Time (min}
Fig. 8 a: Relationship between infusion volume and mean suction volume of in vivo pleural drainage.
b: Difference between infusion and suction volume for in vivo pleural drainage. Note that residual volume was
less in the silicone drain group than in the thoracic catheter group.
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Fig. 9 a: Relationship between infusion and suction volume for in vivo pericardial drainage.
b: Difference between infusion and suction volume for in vivo pleural drainage. Note that there was no
difference in the four drainage tubes for mean residual volume.
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