Clean air symposium—Part 11

A systems analysis approach to
postoperative wound infections

Phase 1. Evaluation of a horizontal wall-less
laminar air flow system

Is the environment a significant factor in a
postoperative wound infection, and if so, is lami-
nar air flow an effective control? A problem of

Merrill A. Ritter, M.D.* this magnitude can only be solved by the amalga-
Jack B. Hart, Ph.D.} mation of three basic interdisciplinary sciences:
Morris L. V. French, Ph.D.f  engineering, microbiology, and medicine. Work-
Harold E. Eitzen, Ph.D.} ing together, a systems analysis approach was de-

veloped to solve just such a problem.
Engineering

A conventional 20 by 20 foot operating room
was first equipped with a horizontal wall-less
laminar air flow unit.* This unit was selected
because of the relatively low cost and ease of in-
stallation and modification. The floor of the oper-
ating room was marked with locating spots at the
nodes of 1 foot squares. Planar air velocities were
measured with a single wire constant tempera-

* Department of Orthopaedic Sur- ture, hot wire anemometer (DISA S & B Inc,
gery, Indiana University School of Model 55D01). The anemometer probe was

Medic{",e of Indiana University-Pur-  m5unted in an indexing head attached to a lo-
due University at Indianapolis.

+ Department of Engineering, Indi- C2UN8 stand. The anemometer was cahbr.ated
ana University-Purdue University at  Defore and after each set of data was obtained.
Indianapolis. Ten readings, each separated by five time con-
1 Department of Clinical Pathology,  stants, were recorded over each locating spot with

Indiana University School of Medi-  (pq indexing head set at each setting of —45°,
cine of Indiana University-Purdue

University at Indianapolis. * Agnew-Higgins, Garden Grove, California.
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neutral, and +45°. The same readings
were obtained for each locating spot
throughout the room. All measure-
ments were at the 4-foot level (wound
height). The results showed, that with
the room empty there was a 6-foot wide
area in which the air was directed away
from the filter module, and at a speed
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of about 300 feet per minute (Fig. I).
When the room was manikin staged,
the air speed was reduced to about
150 feet per minute at the region of
wound site, and the area of unidirec-
tional air was widened to approxi-
mately 10 feet (figs. 2 and 3). This
can be determined by noting the lines
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Fig. 1. Constant velocity plot-room unoccupied.
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Fig. 2. Constant velocity plot-room occupied.
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Fig. 3. Velocity vector plot-room occupied.

with the 0 velocities. Thus, by intro-
ducing people and equipment into the
path of the air, the area of safety
widened.!

Particle counts

Because the term class 100 has been
used to denote a clean room we moved
a Coulter particle counter (Coulter
Electronics model number 550) across
the same locating spots with the room
empty. At each spot 10 readings were
recorded. Each reading consisted of
the number of particles greater than
0.5y in diameter per cubic foot of air.
Where the counts dropped precipi-
tously below 100, a mark was made
upon the floor. These marks coincided
with our previously determined 0 ve-
locities (Fig. 1) perpendicular to the
module. The floor was then perma-
nently marked with white lines over
the previously mentioned spots, inside
of which we refer to as our clean zone,
and outside of which all nonsterile
equipment and personnel remain (Fig.
7).

Running the particle counter (4 feet

high) 1 foot to either side of the mid-
line of the clean zone and 6 feet from
the plenum (the area where the opera-
tive site might be) we found: (1) The
activity outside of the clean zone had
no effect on the counts within the
zone. (2) The activity in the clean
zone on the opposite side of the mid-
line had a minimal effect on the
counts on the other side of the clean
zone. The counts never went above
100. (3) Counts rose drastically if one
stood upwind of the counter; however,
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Fig. 4. Projected clean area.
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when standing 1 foot from the plenum,
5 feet upwind of the counter, they
rose only slightly. This indicated that
not only was the air moving away from
the plenum, but away from the mid-
line.

Smoke and bubble tests

Smoke bombs were released and the
area was photographed. This was to-
tally unsuccessful in our hands.

Soap bubbles one-eighth inch in di-
ameter, filled with helium to maintain
their buoyancy, were generated so we
could visually see air flow patterns in
areas of concern. We found that there
were many areas of turbulence but few
had an effect on the wound area. Our
largest problem was air returning from
the area of the anesthesiologist. This
occurred when the surgical personnel
would lean into the center over the
operating site, creating a negative pres-
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sure downwind. This corrected itself
instantly when the air had a chance to
pass directly over the wound site with-
out interference.

Proper utilization of the room

All operating room personnel were
then trained as to proper use of the
clean zone and how to avoid interfer-
ing with the air stream.> When instru-
ments were to be passed across the
midline they were done so rapidly and
with the gowned arm and gloved hand
(Fig. 5). Mayo stands could be used,
but they had to be high enough to
allow the air to pass easily beneath
them and across the wound (Fig. 6).
All equipment was to be placed upon
instrument tables between the plenum
and operating room table (Fig. 5). All
observers and nonsterile operating per-
sonnel were to remain outside the
clean zone (I'ig. 7).

Fig. 5. The positions of operating room table, back table, and means of passing instruments. The

plenum is to the left.
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Fig. 6. The position of the back table, operating room table, and Mayo stand. The Mayo stand
should be a few inches higher than the wound to allow the air to blow beneath it and over the
wound.

Fig. 7. All sterile equipment and personnel are to remain inside the white lines, and observers
are to remain outside the white lines.
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Fig. 8. Air settle plate and isokinetic sampling from the wound site. Note the nozzle for the iso-
kinetic sampling between the air settle plate and the wound.

Fig. 9. Air settle plate and isokinetic sampling from the back table. Note the nozzle for the iso-

kinetic sampling at the foot of the operating room table and the air settle plate on the instrument
table.
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OPERATING ROOM AIR SAMPLING SITES
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Fig. 10. Room air sampling sites.

CONVENTIONAL OPERATING ROOM
AIR SAMPLING RESULTS
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Fig. 11. The average colony forming units per square foot per hour for all air settle plate
sampling and colony forming units per cubic foot per hour for (R) isokinetic sampling.

217

Downloaded from www.ccjm.org on August 12, 2025. For personal use only. All other uses require
permission.


http://www.ccjm.org/

218 Cleveland Clinic Quarterly

Vol. 40, No. 4

LAMINAR AIR FLOW OPERATING ROOM
AIR SAMPLING RESULTS
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Fig. 12. The average colony forming units per square foot per hour for the air settle plate
sampling and the average colony forming units per cubic foot per hour for (R) isokinetic

sampling.

MICROBIAL LEVELS OF A CONVENTIONAL OPERATING ROOM
vs
AN OPERATING ROOM WITH HORIZONTAL LAMINAR AIR FLOW
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Fig. 13. The percent reduction of microbial
levels, of laminar air flow versus the conven-
tional operating room for all sampling sites.

Microbiology

With an understanding of how the
room performed, we developed an ex-
haustive microbiological evaluation of

all orthopaedic procedures to be per-
formed within the operating room,
both with and without the use of the
laminar air flow unit.® This was easily
accomplished, as the laminar air flow
unit could be turned on or off while
the conventional ventilation system
was continually in operation. Sam-
pling techniques were designed so
that we could determine not only the
types and numbers of organisms
within the room, but possible sources.
The following were evaluated: (1) Cul-
tures were obtained from the patients’
noses, throats, faces, groins, wound
sites prescrubbed, wound sites post-
scrubbed, and depth of the wounds
after incision and prior to closure. All
samples were placed in Dey/Engley
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neutralizing broth. (2) The noses,
throats, faces, and groins of the oper-
ating room personnel were cultured.
(3) Airborne contamination of the
room was determined with the use of
isokinetic sampling devices attached
to the wound site and back table and
150 mm air settle plates fixed to the
wound, back table, and peripherally
about the room. The air settle plates
were sterilized by autoclaving triple
wrapped glass 150 mm petri dishes.
These were then opened under a lami-
nar flow hood, filled with 5% sheep
blood agar, and allowed to incubate
for 2 days before use. The isokinetic
sampling was devised by first deter-
mining the speed of the air at the
wound site and machining a nozzle
which would sample at that speed
when connected to a Reynier slit sam-
pler drawing 1 cubic foot of air per
minute. The nozzle and tubing were
then autoclaved before use (Figs. §
and 9). All peripheral air settle plates
were placed at wound height (Fig. 10).
This type of sampling was carried
out on consecutive orthopaedic cases
whether the laminar air flow was on or
off.

A total of 242 cases have been sam-
pled; 125 were with the laminar flow
on and 117 with the laminar flow off.
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As can be seen from Figure 11 there is
little difference in the counts at the
wound site or the periphery of the
room without the use of laminar flow.
However, there was a tremendous dif-
ference between the counts about the
wound site and the periphery of the
room when the laminar air flow was
used (Fig. 12). Figure 13 is a summary
of Figures 11 and 12 with the percent
reduction of environmental bacteria
(P < 0.005).

From our studies to date we have
been able to learn how the air moves,
how we use it correctly, and how ef-
fective it is as a control of the environ-
mental bacteria.
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