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The clintcal use of vented wound drams requires documentation of the maintenance of u sterile
wound environment 1n the presence of aspirated air This study was designed 1o evaluate the effec-
tiveness of 3 commercally available bacterial fller under condilions of continuous aspiration of
room =irinio a culture medium incubated for 14 days. The control {no filter) group showed growth 1n

all specimens at 24 hr, and the filter group showed no

_ INTRODUCTION

Although wound drainage is at least as old
as Hippocrates []], suction drainage of
surgical wounds has been increasing in
popularity only in receal years. The purpose

- of wound drainage is the **prevention of col-
lections of fluid: blood, pus, bile, and intes-

_ tinal contents™ [3] within operative wounds
‘with an, expected decrease in infection and

_ reduction in healing time. If a surgical drain

“farls to perform properly, neither of those
benefits will accrue.

Wound drains may be divided by mech-

- anism of nction; suction {closed or vented),
capillary, or gravitational. The most com-
mon of the nonsuction drains (the Penrose),
i fact, may not even be considered a proper
drain at all, but rather a stent to keep an exit
would from closing and, hopefully, a wick to
draw exudate to the surface by its capillarity .
"[4]. There is some indication that the use of
the Penrose drain can actually incrense the
likelihood of jnfection [3].

Active suclion drainage is only effective,
however, so long as the aspirating lumen of
the drain remnins clear, and the exudate is
free 10 move up the tube. Should the aspiral-
ing tube become clogged, drainage ceases.

* Address for repnnts: M. H Worth, Jr., M.D., The
Staten Island Haospital. 475 Seaview Avenue, Siaten
Iskad, N Y 10305
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" viscous liquid in conlact with the tube wall

bactenal growth during the experimental period.

One way lo lessen this likelihood is to pro-
vide an air yent to the distal end of the
aspirating lumen of the tube, This vent per-
mits air to bubble through the tube, sub-
stantially reducing both the total amount of

al any given moment, and reducing the
wound 1o aspirator lransit time. The fatter
effect assures that, ns the oozing from a
wound diminishes, air displaces-blood from
the lumen of the drain before the blood has
lime to clot and plug the tube.

Yenting wound drains to room air, how-
ever, provides an easy conduit for air-
borne bacteria (o enter the wound, possibly
increasing the risk of infection. Baker and
Borchardt {2) studied the extent to which
vented sump wound drains permit such bac-
terial entry into operative wounds, but their
data on postoperative infections werc
largely anzcdotal, These authors immersed
the distal portions of vented wound drains
(Salem Sump Drains) in nutrient broth, and
room air was drawn through the tubes under
high and low vacuum suction provided by a
Gomco pump, Substantial bacterial growth
appeared only under the high vyacuum condi-
tion. None appeared under the low vacuutm
condition. The differential bacterial growth
under the high vacuum condition was at-
tribuied by the aithors 16 the grealer volume
of air flow through the tubes at higher

0022.4804/75/1204035-03501 .00/0
Copyvight © 1979 by Acadane Press, Inc
All nghts of reproduction | aay fores reserved

Medela LLC and Medela AG
Exhibit 1029
Page #1




406 JOURNAL OF SURGICAL RESBARCH, VOL 27, NO. 6, DECEMBER §979

16 Dnagram of the expenmenial apparatus with
negative suction applicd at 24 ¢m ol warer,

vacuum, but that remains a parametric
[ssue-—at some combination of length of
time and vacuum, bacterial contamination
seems incvitable,

If the mechanical and physiological ad-
vanlages of vented suction are to be realized
in clinical use, elimination of the risk of
bacterial contamination must be accom-
plished by bacterial filtration. The present
study reports the differential effects of the
presence or absence of a bacterial filter on
an in vitro test of a wound drainage system
(the Shirley Wound Drain AN-30).%

METHOD

Twenty-four filtcr assemblics of the type
attached o the Shirley Wound Drain were
used. Each filter assembly consisted of a cir-
cular plastic base, 1.5 cm in diameter, a
plastic cap perforated to allow the passage
of air, and a bacterial filter under thecapand
over a port in the base through which the
wound drain tube is usually attached. The
filter is a 1-um nonwettable bacterial fil-
fer.? Six units were assembled without the

*H, W Andersen Products, Inc., Oyster Bay, N. Y,
1 pal] Corporation, Glen Cove, N. Y.

-wound may produce infection. The pr

filter, Each filler assembly (with and withou;
filter) was mounted on 2 4.0-mm o.d. glass
tube and inserted through a No, 2, two-
hole neoprene stopper. Also inserted into
the stopper wus a shorter 4.0-mm o.d. glass
(vacuum) tube (see Fig. 1). All assemblies

. were then wrapped in cloth, and stenljzed

in ethylene oxide (Anprolene)® and aerated
for 24 hr at room temperature. Thirty cul-
ture tubes were each filled with 20 ml of
trypticrse soy broth, capped, and auio-
claved for 15 min at 15 lbs, pressure and
250°F. Bach sterile filler assembly was then
unwrapped using sterile technique. The cul-
ture tube cap was removed and the long
glass tube of each filter was securely placed
in the mouth of each culture tube, Vacuvm
was provided by AN 42 Sump Pumps?con-
nected to the shorter glass tube, regulated
10 24 in, of water. The pumps were allowed
to operate continvously for 24 br, draw-
ing room air through the filter caps into the
culture medium after which the vacuum
tube of each assembly was cut and hest
sealed, The cullure tubes were then in-
cubated for 14 days at 37°C.

RESULTS

All of the control (no filter) tubes showed
growth of bacteria in the culture medium
within 24 hr of the start of incubation, None
of the 24 culture tubes to which filter as-
semblies contaming filiers had been con-
nected showed any growth of microor
ganisms at any time during the 14-day

incubation period.

DISCUSSION

Since hospital room air likely contains
pathogens, it is highly likely that drawing
unfilicred room air through a poslopcrau;:

ese
data partially replicate those of Baker and
Borchardt (2] in this respect. The addi-
tion of a filler in this study prevented the
entrance of bacteria into a culture medium
using simulated clinical conditions and 2P
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paratus, While n virro data vis-a-vis the
1probability of infection, the absence of bac-
Jteria in the culture broth in the present
experiment is presumplive evidence of the
efficacy of the filter assembly. /a vivo ani-
mal experiments are currently in progress
lo further investigate the efficacy of the
filter in preventing infection. It should be
poted that even though the vacuum drawn
by the pumps in the present study fell within
the low vacuum renge of Baker and Bor-
chardt’s (2) swdy, there was bacterial
growth in the culture media through which
vafiltered wound drains connccted to even
relatively low sousces of vacuum.

CONCLUSION

(1) Vented, unfiltered wound drains con-
vey bacterial contamination at physlologxc
fevels of suction,

{2) Addiuon of a commercially available
filter to the mir intake reduces the risk of
-such contamination as demonstrated in 24

407

experiments with negative cultures at 14
days of incubation.

(3) The authors believe that this study
documents the safety of the vented wound
drain for clinical use,

ACKNOWLEDGMENT

This rescasch supported by a grant from Unie
versily Testmg Service

REFERENCES

1. Adams, F. The Genuine Work of Hippocrates.
Translared from the Greek with Preliminary Dis-
cowrse and Annotations. London® The Sydenham
Sociely, 1849. Vol. |

2 Baker, B, H., and'Borchardi, K A. Sump drasms
and airbome bacieria as a cause of wound (n-
fectlons. J Surg Res 17: 407, 1974

3, Cerise, E ). Drains in sbdormunal surgery Their
us¢ andabuse In W' F Ballinger and T. Drapanas
(Eds.), Praciice of surgery Currens review Si
Louts, Mo.* Masby, 1975 ¢

4 Cheffin, R C Surgicsl drainage J It Cull
Surg. 32 683, 1954

Medela LLC and Medela AG
Exhibit 1029
Page #3






