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PREFACE 

This document presents the proceedings cf the symposium on "Clean 
Room Technology in Surgery Suites" conducted on May 21 and 22, 1971, at 
John F. Kennedy Space Center in Florida. 

The symposium was co-sponsored by NASA's Office of Industry Affairs 
and Technology Utilization, Washington, D.C., and Midwest Research Institute, 
Kansas C lty, Missouri. 

The text consists of the presentations and comments recorded dur- 
ing the symposium. It -s edited and published by Midwest Research Institute 
under NASA Contract NASW-1936. Needless to say, the apparent success of the 
symposium was due to the technical competence and fine presentations of all 
of the participants. 

MRI wishes to acknowledge the suppcrt and hospitality of the 
Z 'ir.ectar and staff cf 2922 F P I  Kennedy Space Center for host* the confer- 
ence. Dr. Harter of NASA-KSC served well as banquet speaker and panel 
member. A special note of thanks is due to Mr. Jim Harrell, Technology 
[Jtilization OffScer for Kennedy Space Center and his staff, Mr.- Lee DiGoff 
and Mrs. Carol Fe: ,uson, who made attendance at this meeting a fine experi- 
ence for all. 

Dr. Thanas Castles, Principal Pharmacologist and Director of the 
Biomedical Applications Team; and John E. Stacy, Jr., Assistant to the Vice 
President of Technical Operations and Manager of Technology Utilization, 
were the principal coordinators of the meeting for Midwest Research Institute. 
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Assdstant to the Vice President 

Approved: 

F. V. Morriss 
Vice President - Technical 0pera.tions 
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FOREWORD 

Clean room technology a s  born because of the need by the manufac- 
turing community for  quality assurance and r e l i a b i l i t y  i n  complex equipment. 
The f i r s t  breakthrough came i n  the middle 1950's when airborne dust was 
recognized as the common er,emy in the manufacture of small, high-tolermce 
e q u i p n t .  This led t o  the development of par t ic le  detectors and methods 
for maintaining dust-free environments; most notable of which was the use 
of the laminar flow principle by D r .  W i l l i s  Whitfield of Sandia Laboratories 
i n  December 1960. Ciean room technology grew rapidly. The first laminar 
flaw bench was instal led for  the Bulova Watch Company i n  April 1962. NASA's 
mission requirement:; for extraordinarily complex systems soon made it the 
leader in the development of ciean roam technology. By 1964, the medical 
community recognized the potential of clean room in medicine and the f irst  
microbiological t e s t s  of laminar flow in hospital areas were performed by 
USPHS. By 1966, the first medical operating laminar flow suite was used a t  
Btaan Memorial Hospital in Albuquerque under the direction of D r .  Joba G. 
Whitcomb. Since t h i s  t h e  more than 100 clean roam operating suites have 
been instal led in U.S. hospitals. 

Last year, the MRI Bioanedical Applications Team assisted a. surgeon 
i n  locating NASA documents which he used t o  design and construct h i s  awn 
"ciean operating suite." During this ac t iv i ty  MRI became aware that  there 
were several different types of "clean roan" surgery sui tes  and that  laminar 
flow per se was apparently not the only answer. These observations led t o  
the idea of having a ccmference on the application of clean room technology 
t o  surgery suites, primarily t o  examine the different types of "clean roam" 
surgeries, t o  explore the t o t a l  application of clean room technology, and 
provide open discussion on the problems associated with the use of clean 
rooan technology in surgery. 

The conference achieved i ts  goals in a r e a l i s t i c  manner. Basic 
types of surgical clean roams were presented, along with the i r  advantages 
and disadvantages. Clean roam technology was cansidered i n  i ts  proper per- 
spective, as  an adjunct t o  good surgical procedure and not a s  a panacea. 
The principles of clean roam technology were presented, as  w e l l  a s  the c r i t e r i a  
for  their  application t o  surgery. The inherent problems of comparing differ-  
ent types of clean roans were discussed and several c r i t i c a l  areas uncovered 
which lack the scient i f ic  information for  valid conclusions. 

This conference i s  the first s tep in an ef for t  by MiWest Research 
Inst i tute  t o  mount an all-out, e f for t  t o  develop objective information on the 
application of clean room technology t o  medicine. We w i l l  use the research 
expertise of our ins t i tu te  t o  work with several of the symposium's par t ic i -  
pants toward our goal. 



WELCOME TO CONFEZENCE 

James T. Richards 
Chief, Technology Applications Branch 

Off'ice of Industry Affairs and Technology Utilization 
NASA Headquarters 
Washington, D.C. 



Mr. Richards: 

Good morning. 

I would l i ke  t o  welcome you on behalf of NASA's Technology Uti l iza-  
t ion Program, and I sincerely hope tha t  i n  the next day and a half  here, you 
w i l l  have a very enjoyable and profi table s tay  with us. I would l i ke  t o  
take t h i s  opportunity t o  thank the many people who have helped t o  plan and 
vrganize t h i s  symposium. 

Part icularly,  I would l i ke  t o  extend our thanks t o  our Biomedical 
Applications Team a t  Midwest Research Ins t i tu te .  Most of you have probably 
met Jack Stacy and D r .  Tom Castles. In  case you havz not, Tom, I would l i ke  
for  you t o  stand up. This is  D r .  Castles, who heads our Biomedical Applica- 
t ions e f for t  there. 

Also, I would l i ke  t o  thank our Technology Ut i l iza t ion people here 
a t  Kennedy, who have certainly helped tremendously in planning t h i s  operation. 
Standing in the back are Mr. Lee DuGoff and M r .  Jim Harrell ,  who i s  our Tech- 
nology Uti l izat ion Officer. They wi1-L be making some announcements concern- 
ing log is t i cs  during the course of the symposium. 

I would a l so  l i ke  t o  thank Jack Sivinski from Sandia Laboratories, 
who i s  the manager of the Planetary Quarantine Department there. Jacl, has 
kindly volunteered t o  moderate aur sessions. Jack, would you stand up so 
the folks can see you. 

I now turn  you over t o  General Callahan, who is Deputy Director 
of Administration here a t  Kennedy, so t ha t  he can give you an o f f i c i a l  welcome 
t o  Kennedy Space Center. 



WELCOME M SPACE CENTER 

General D. F, C a l U h n ,  L.L.D. 
Deputy Director of Administration 

John F. Kennedy Spce  Center 
Florf  da 



Gt5nernl Callahan : 

Ladies and gentlemen, it i s  my pleasure on behalf of D r .  Debus, 
the Center Director, a ~ d  a l l  of us here a t  the Center, representing NASA 
and your contacts with t h i s  organization, t o  welcome you t o  the Center and 
t o  l e t  you know of our keen in t e r e s t  i n  workin with you i n  making any u t i l i -  
zation t h a t  i s  appropriate or useful of' the technology which has been developed 
by NASA. We have keen in te res t  i n  t h i s  clean room technc>logy and the appli-  
~ 'c~tiol is  tha t  you are taking a look a t  here today and tomorrow. I am sure 
that  you are going t o  f ind something useful i n  these areas. 

We endeavor t o  extend t h i s  kind of ac t iv i t y  through our Technology 
Uti l izat ion progrh~a i n  whatever areas we can i n  order t o  t ransfer  t h i s  in- 
formation. For instance, within the past year we had a group of c i t y  managers 
from across the country i n  here taking a look a t  applications which might be 
of value t o  t he i r  purposes i n  running the c i t i e s  of our country. 

We are par t icular ly  happy t o  have you with us. I knuw t ha t  you 
w i l l  f ind  Jim Harrell  m d  Lee DuGoff and, of course, D r .  Allen Harter of our 
s t a f f  here, ready 50 explore and develop any aspects of our business which 
might be of use t o  'you. 

In  these days when we see act ions taken such a s  k i l l i n g  the super- 
sonic transport,  i . e . ,  the funding a ~ d  support behind it, it gives us r e a l  
pause i n  NASA and r e a l  concern about what i s  going t o  happen a s  f a r  a s  the  
continued growth and advance i n  technology i n  our country. We, and cer ta in ly  
management throughout NASA, are  extremely a.ware of the need t o  bring home t o  
the Arnerican people the applications t ha t  we have been able t o  make, or t o  
par t ic ipate  with such gentlemen and ladies as  you i n  making, and thereby 
bringing, benefits t o  our people from t h i s  program. 

I would ju s t  leave t h i s  one other thought, my own observation of 
t h i s  kind of business. I ran a plant  before I came t o  NASA 3 years ago where 
we had people who were making applications i n  t h i s  Technology Ut i l iza t ion 
area. They had t o  do with process control and tha t  kind of thing, t o  run 
c h e d c a l  plants ,  or watershed control systems for  the Corps of Engineers. 
They were applications of technology i n  the data loggirzg and supervisory 
control area, and, o f  course, computer applications were involved. The thing 
tha t  h i t  me about a l l  t h i s  was t h a t  we had people who had backgrounds they 
had developed in working with NASA and on NASA projects.  They were able then 
t o  apply t h a t  background t o  these problems. To me, the exposne of our people, 
our s c i en t i s t s  and our engineers, t o  advancing technology and t o  l iv ing i n  
an environment where these advances had t o  be compressed timewise has been 
singularly important. There was real pressure t o  mmre ahead rapidly under 



n project which was considered, i f  anything, the Number One project in  our 
co~ultry i n  the l a s t  decade. It was t o  get a man on the mDon and back. 
These people, through th is  exposure, have acquired a way of thinking that  
should be a tremendous asset,  and I know i s  a tremendous asset ,  t o  our 
country. I would just  l ike  t o  leave you with the thought that  what has 
been done t o  the minds of the people tha t  have been involved in  the program, 
and t o  the minds of the people that  have b e c m  associated with or i n  con- 
t a c t  with the program, represents the greatest spin-off cf benefits t o  our 
country. I leave you with that  thought. 

We are delighted t o  have you here; we hope you w i l l  come back 
again, and I w i l l  look forward t o  seeing you on sme other occasion. Un- 
fortanately, I an not going t o  be able t o  be with you t h i s  evening because 
we l o s t  one of our a;;sociates here a couple of days ago and I am go iw t o  
be involved i n  that  kind of activity.  I would l o t s  rather be with you. 

Thank you very much. 
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H. D. Sivinslri 
Manager of Planetary Quarantine Department 

Sandia Laboratories 
Albuquerque, New Mwico 



M r .  Sivinski: 

Thank you very much, General Callahan, for an inspiring introduc- 
tion t o  xhat hopefully w i i l  be a very profitable and worthwhile day-and-a- 
half session. 

I n  my opening remarks t o  you I would l ike  t o  review some things so 
tha t  hopefully we can get some general consensus as  t o  the purpose of t h i s  
symposium. Based on my conversations w i t h  people I w i l l  mention what many 
of them fee l  we are trying t o  accomplish here today. 

The first thing we want t o  do is  review the basics of clean room 
technology because same of you here todajj are  new t o  the f ie ld .  This review 
w i l l  permit us t o  use the same language and w i l l  s t a r t  us a l l  from the same 
technological base l ine.  Based on my past experience, carnmunications w i l l  
be our major diff icul ty  these next 2 days, especially so since we have an 
interdisciplinary group i n  attendance. The s- wards w i l l  certainly mean 
different  things t o  different people. Thz review of basics w i l l  hopef'ul3y 
minimize t h i s  problem. 

After +,he review we w i l l  try t o  determine the state of the art in  
clean roam technology. We w i l l  then examine the current needs and the prob- 
lems associated with the hospital surgery-suite environment. The people 
discussing the i r  problems in t h i s  area w i l l  run head-on in to  the conmamica- 
t ion  problem, but given an effokt on everyone's part we w i l l  more t ru ly  ap- 
preciate what h is  r ea l  problems are. 

The next thing we w i l l  try t o  establish is the s e a s  where rel iable 
data exis t  and from these data, establish guidelines for obtaining the en- 
vironment desired. These words are carefully chosen, because very seldom is  
the same environment necessarily desired i n  different  si tuations because so 
frequently each man's problem is different. For those of you new t o  the f i e l d  
you w i l l  f ind i n  these 2 days that  there is no given design tha t  is a panacea 
for  a l l  problems. Y3u w i l l  f ind there are even conflicting opinions as t o  
wLat  the problem is, as w e l l  as  ccmflicting data for the environment observed. 
You w i l l  a lso f ind tha t  t h i s  happens because we a l l  are  not even seeing the 
same things, given tha t  we are observing the same phenomenon, sinply because 
we are not a l l  interested in  the s a ~  things as we observe the phenomenon. 
Looking a t  the same envirom~ent we frequently are nat even observing the same 
phenanon because our requirements are  different. So you can see that people 
having views other than you own are not necessarily wrong and therefore you 
must keep an open mixd t k s e  next few b y s  i n  order t o  prof i t  most from your 
investment of time. 



I think the fact  that  clean room technology i s  a useful thing 
cannot be argued. From the contamination control point of view it i s  used 
extensively t o  increase r e l i a b i l i t y  (it makes the color television tube 
possible), and it i s  also used extensively i n  the phar~aceutical  industries. 
Boards of Directors of cmpanies are not spending their  money foolishly when 
they authorize clean rooms for  such areas because from a business point of 
view they can, i n  th i s  way, maximize the return t o  the stockholder. But 
what we w i l l  t r y  t o  do i n  the next day and a haif is t o  determine the need 
and the u t i l i t y  for such rooms i n  the hospital surgical area. 

We w i l l  hold speakers t o  the i r  a l lot ted time and those finishing 
early m y  answer que f-ions. But the main time fo r  q.-.estions and discussion 
w i l l  be at the forum tomorrow. We w i l l  process your question cards tonight 
as best we can t o  g i w  continuity and purpose t o  the forum tomorrow. 

Our first speaker t h i s  morning i s  an old friend t o  a l o t  of pzople. 
Er. John Ulrich got h i s  Ph.D. in  Bacteriology from Minnesota i n  1947. In 
1949, he became aff i l ia ted with the graduate school a t  Mayo, where he stayed 
unti l1969, plus a l o t  of other ccnsulting jobs i n  between. As  you can see, 
he bras with Mayo for 20 years. When he decided t o  come t o  a place where the 
winters are not quite so severe as  they sometinres happen t o  be in  Minneapolis, 
he came t o  the University of ru'ew Mexico. He has a joint  aspointmnt a t  the 
University of New Mexico Medical School, i n  the Department of Pathology and 
the Department of ,~crobiology, and it keeps John pret ty  busy. The t i t l e  
of h i s  t a l k  i s  the "Microbiology of Siurgery Suites. 11 

D r .  John Ulrich. 
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mmOBIoLOGY OF SURGERY SUITES 

John A. Ulrich, Ph.D. 
Chief, Microbiology Section 

BernaliUo County Medical Center 
Albuguerque , New Mexico 



Thank YOU, Jack. Fellow members of the symposium: 

The prime and continuing source of microbial ae r i a l  contamination 
i n  a surgery ie the surgicel team. Back i n  the era of the "golden scourge" 
i n  the la te  f i f t i e s  when we experienced the pandemic of Staphylococcus phage 
type 80/817 it was fashionable to  check people 's noses bacteriologically, 
because lie f e l t  that  th i s  was the prime source of the organism. It i s  true 
that  Staphylococcus amen;; did reside and was found i n  the naris of many 
operating personnel. H-wever, a f te r  carrying on a ~ r o j e c t  for better  than 
2-112 years, sampling the personnel in surgeries a t  l eas t  a c e  a week, and 
af te r  better than 14,000 cultures, we had a correlation of only 13$ between 
nasal carriers and infections originating i n  the surgeries. 

It was obvious, then, that  t h i s  was not rea l ly  the major source 
of the orsanism that  was causing our problem, so we sought elsewhere for 
the r ea l  source. The most obvious source was one of the largest  ozgans i n  
our body which is  i n  constant contact with the environment: the skin. 
Thus, we began t o  study the skin t o  s e e f l i t  Gcs one of the problem souroes 
of potential pathogens i n  surgery. k c o r e  we get into  t h i s  area, I would 
l ike  t o  review with you br ief ly  the; scructure of the sk in .  

The human skin is  a vexy involved structure, and the bacteriology 
of t h i s  organ i s  also very invo.ived. It i s  more than just  a contaminated 
surface, as many think it t o  be. 

One of the techniques employed i n  surgery is  t o  scrub assiduously 
t o  remove the bacterial  population. But we only remuve par t  of j t ,  and the 
reason for t h i s  i s  tha t  actuzlly there are a number of populations on human 
skin. 

F i r s t  of' a l l ,  there are microbial populations classif ied according 
t o  source. They can be divided into  two different  types, transient and in- 
digenous. A tremsient popula2;ion i s  one you pick up fram contaminated ex- 
ternal  sources and then transfer elsewhere. As you shake hands with s m -  
body, you pick up some of h is  microbial f lora  and give him sollhe of yours. 
They are the par t  of the transient population that  can be washed off rather 
readily and easily. 

There i s  also an indigenous population, which we are concerned 
with i n  surgery because it i s  ahfays with us. It is  an important part  of 
us, one of our main lines of defense against other invading organisms. 
Therefore, we do not want t o  destroy these bacter'a; we only want t o  control 
them i n  surgeries and other sensitive areas. 



On skin, we have a surface population tha t  i s  a lso  of an indlgenous 
ndlture. Most of t h i s  population, however, does not grow readily on the sur- 
face of the skin. I?' comes from a deeper source. The majority of the in- 
digenous population comes f'rom the sebaceous glands and the ducts of th? 
sebaceous glands. 

To learn more about these Populations we use a number of techniques 
t o  track d m  the dynamics of the bacter ia l  population of the skin. The con- 
t a c t  p la te  method is very simple, reproducible, and gives ra ther  good data. 
It i s  nothing more than an aluminum milk-bottle cap tha t  i s  f i l l e d  with agar. 
The agar i s  placed i r r  contact with the skin, immediately removed and incu- 
bated, and then quantitated a f t e r  incubation. 

Using t h i s  technique wc can develop fil l-body pat terns fo r  the 
human being (Table I ) .  Notice t ha t  the bac te r ia l  colony counts on the 
forehead, temple, eye, nose, upper l i p ,  cheek, jaw, ea r ,  chin, back of the 
neck and the neck are  r e l a t i ve ly  high counts. Since these are tota.1 colony 
counts on a p la te  the s i ze  of a milk-bottle cap, it is  indicated tha t  t h e  
skin has a high density of the bac te r ia l  population i n  these areas.  The 
ax i l l a ry  population i s  much higher i n  most people than indicated here. The 
use of underarm deodorants controls and reduces the population i n  t h i s  area. 
Normally without the use of deodorants the bac te r ia l  population i s  a l i t t l e  
higher than around the head and the neck. The trunk and the outer arms 
have re la t ive ly  low populations. The hand i s  high. This i s  due not only 
t o  the indigenous population but a l so  the t rans ient  population. Generally, 
most of the lower par t s  of the trunk and the legs are re la t ive ly  law i n  
microbial population. These areas which are  high include the groin, perineum, 
navel and buttocks. The inner thigh, the ankles and f ee t ,  although not l i s t ed ,  
are found t o  be high population areas.  In summary, each human being has 
essent ia l ly  the same pattern of d is t r ibut ion with very high bac te r ia l  popu- 
la t ions  on the head and the neck, the ax i l l a ,  the hands, the perineum, the 
groin, end the f ee t .  The other areas are less heavily contaminated or 
populated. N ~ t e  t ha t  one of the most highly populated sites i s  the angle 
of the jaw, and t h i s  is  not covered during surgery. 

Whereas each individual has essen t ia l ly  the same pattern of bac- 
t e r i a l  population on the skin, each of us is  unique i n  the number of bacteria 
per square c~ctimeter t h a t  we carry. Table I1 i s  a compilation of data 
gathered from a number of individuals, both males znd females. Some have 
re la t ive ly  high counts; some have r e l a t i ve ly  l a w  counts. Whatever the l eve l  
of the count, it remains re la t ive ly  a t  the same leve i  fo r  long periods of 
time. It can be changed frm time t o  t i m e  by special  techniques which I 
w i l l  not discuss. The important aspect i s  t ha t  each individual has a unique 
and stable microbial l eve l  which can be shed in to  the a i r  i n  surgery, Us -  
ua l ly  an individual t h a t  has a very high skin count is  a l so  a good shedder. 
Each of us constantly sheds i n to  the a i r .  



TABLE I 

Rody Region 

Head and neck 

Upper trunk and arms 

Lmer trunk and -rms 

BACTERIAL SKIN POPULATIONS 
(contact P la te  Method: Right s ide)  

S i t e  - 
Forehead 
Temple 
Under eye 
Nose 
Upper l i p  
Cheek 
Angle of jaw 
Behind ear  
Under chin 
Back of neck 
Neck 

Axil la  
Upper arm--lateral 

--volrtr 
El'oow--lateral 

--volar 
Forearm--lateral 

--volar 
Wrist--1atera.l 

--volw 
Hand--lateral 
Palm 

Shoulder 
Subclavicular 
Breast 
Lateral  chest 
Lateral  waist 
Groin 
Perineum 
Navel 
Subscapular 
Buttock 
Hip 
Lateral  thigh 
Inner thigh 
Popl i tea l  spacz 

Plate 
Count 

348 
560 

T N d  
TNTC 
TNTC 
584 

TNTC 
TNTC 
niTC 

211 
316 

106 
42 
8 
8 

24 
41 
11 

TNTC 
53 

224 
Pseudomonas 

43 
83 
50 
15 
15 

m 
TNTC 
TNTC 

128 
TNTC 

104 
232 
TNTC 

241 

TOO nuonerous t o  count. 



TABLE I1 

BACTERIAL SKIN POP~TIONS I N  DIFFERENT INDIVIDUALS 
( Contact Plate Method) 

Jaw T N ~  TNTC 145 94 
Arm 2 26 109 13 
Breast 6 86 11 d 
Abdomen 47 219 29 d 
Groin 128 132 Cont . 74 
Buttock 248 207 TNTC 106 

Too numerous t o  count. 
Spore formers. 

We cannot scrape or wash these organisms away because of the sub- 
surface replicat ing population. The technique by which deep or subsurface 
populations are sttidied i s  cal led tape stripping. A s t icky s t e r i l e  tape, 
made by the Minnesota Mining Company, cal led Tape No. 850, i s  used. Regular 
Scotch tape cannot be used as  it contains an t ibac te r ia l  agents. The s t e r i l e  
tape i s  removed from the r o l l  by the operator and pressed onto the skin, 
smoothed over with a s t e r i l e  applicator,  and removed, put in to  a Pe t r i  dish, 
agar poured over it, incubated and want i t a ted .  

Each time one of these tapes is applied t o  the skin and pulled off ,  
it removes a layer of c e l l s  and any bacteria  t ha t  happen t o  be i n  t h a t  layer.  
N~rmally 20 layers of ce l l s  are removed s e r i a l l y  i n  these studies.  You can- 
not remove further  layers,  because minimal bleeding occurs. The type of 
data obtained using t h i s  technique i s  shown i n  Table 111. 

These a re  bacter ia l  cm.nts from t3e ?.ape s t r i p s .  Note again, the 
varying bacter ia l  levels  among subjects. Some people are  re la t ive ly  low- 
l eve l  carr iers ;  some are  re la t ive ly  high, and some are intermediate in 
leve l s  of populations they carry. After removing ten layers of ce l l s ,  r e la -  
tivel.; large numbers of bacteria a re  s t i l l  present i n  the skin Thus, the 
becteriology of the skin is  not only a surface phenom?non, but much more 
complex. In between tape 10 and tape 11, a se r i e s  of s i x  2-min surgical  
scrubs were performed and yet  we continued t o  f ind  demonstrable numbers of 
bacteria 20 c e l l  layers d m .  These subsurface 0rganisr.s cannot be con- 
t ro l l ed  a t  the present time. These are  the organisms tha t  repopulate us, 
and we want t o  maintain. 



TABLE I11 

Tape 

DEEP NCTERIAL SKIN POPULATIONS 
( Bacter ia l  Colony Counts per Tape : Tape-Stripping ~e tnod) 

Subject and Sex 
X I 1  M X I V  M - XV F - XVI  F 

The next technique i s  knuwn a s  the  Pr ice  technique and it is  a 
modified su rg ica l  scrub. When Price first published t h i s  technique, he 
performed t e n  2-min su rg ica l  scrubs. The amount of time t o  put  on the deter-  
gent, t o  scrub, the  method of scrubbing, and the  amount of time t o  f lush  
a re  checked by a s top  watch. After the 2 min, the detergent i s  flushed 
from the skin i n t o  the measured amount of water and the  bac ter ia  a r e  quanti- 
t a t ed  from the basic contents. Table I V  i s  a compilation of the  type of 
data gathered by t h i s  technique. 



TABLE I V  

REMOVAL 3F BACTERIA FROM HANDS AND ARMS 
( ~ e a n  Bacterial Count per Basin: Price ~echnique)  

Subject, Sex, and Number of Tests 
XI11 M X I V  M XV F XVI F 

Basin A2.L (25) (29) 

Multiply by 10' f o r  t o t a l  count i n  basin. 

Each one of these basins represents an individual surgical  scrub. 
After the  f i rs t  2-min scrub, subsequent scrubs are  done consecutively, one 
r i gh t  a f t e r  the other. These par t icular  data were gathered while using 
ca s t i l e  soap without a germicide. The observation tha t  is  important and 
in teres t ing i n  these par t icular  data is  tha t  skin bacteria cannot be com- 
ple te ly  removed even through s ix  s e r i a l  scrubs. One of the reasons i s  the 
deep population. The ducts and the glands a c t  l i k e  l i t t l e  tubes of tooth- 
paste,  and as  you scrub, massage and squeeze, bacteria a re  expressed onto 
the skin surface. Eventually, the surface population w i l l  be reduced t o  a 
minimal level ,  but it w i l l  continue a t  t ha t  l eve l  through subsequent scrubs. 
Apparently a t r iggering mechanism takes place a s  bacteria are expressed from 
the deeper sources, rapid reproduction comrmences. This indicates even with 
the use of germicidal soaps, t h i s  population cannot be destroyed. It remains 
i n  the deeper s i t e s  and the surface population i s  replaced in  a short period 
of time. 

Table V shows data on microbial shedding from humans and i s  more 
germane t o  the intent  of t h i s  mee t i~g .  The reason that  we went through the 
discussions on skin microbiology i s  t o  indicate what happens t o  these bac- 
t e r i a l  populations t h a t  are  normally on skin. Some of them d t i  off ,  but 

1/ most of them a.re shed. These par t icular  data were gathered by Mr.. Riemensnider- 
a t  CDC i n  the microbiotank. 

Riemensnider , D. K. ,  "space Craft S te r i l i za t ion  ~echnology, " NASA SP-108, 
1966, pp. 97-103. 



TABLE V 

TOTAL VIABLE PARTICLES SHED BY 1NI)IVIDUALS AT 
VARIOUS EXPOSURE TIMES I N  IVIICROBIOTANK 

Subject 

A 

Time i n  Tank 
( min) 

Total  Viable P a r t i c l e s  
Recovered Der Minute 

The microbiotank, i n t o  which the subject  i s  placed f o r  varying 
periods sf time, co l l ec t s  a l l  of the p a r t i c l e s  t h a t  have been shed. These 
a re  quant i ta ted f o r  viable  organisms. In  the  experiment shuwn i n  Table V, 
the subjects were naked. The numbers of recovered v iable  p a r t i c l e s  a re  
l i s t e d  with the elapsed time. From the prolonged sb ld ies  performed by t h i s  
gro~lp,  i t  was found t h a t  the average individual  with normal sk in  sheds on 
the average 10,000 viable  p a r t i c l e s  every minute. This confirms the  work 
of the English researchers.l-71 With abnormal skin such as  an eczematoid 
process or  f o l l i c u l i t i s ,  the shedding r a t e  increases  tremendously. The 
l i s t e d  data pe r t a in  t o  people with normal skin.  

Duguid, J. P. , and A .  T. Wallace, "Air Infec t ion  With Dust Liberated 
From Clothing," L ~ n c e t ,  - Vol. 2, No. 6535, November 27, 1948, p. 845. 

Bernkrd, Ha R., R. Speers, Jr., and F. W. O'Grady, e t  al . ,  " ~ o d i f i c a t i o n  
11 of Operating Room Clothing and by Ul t ravio le t  I r r ad ia t ion ,  Lancet, 

Vol. 2, September 4, 1965, p. 458. 
Selwyn, S . , and D.  Chalmers, "Dispersal of bac ter ia  From Skin Lesions: 

A Hospital  Hazard," B r i t .  J. Dermatol., Vol. 77, Ju ly  1965, p. 349. 
Speers, R . ,  H. Bernard, F. OIGrady, and R. Shooter, "Increased Dispersal  

of Skin Bacteria I n t o  the  A i r  After  Shower-~ath," Lancet, Vol. 1, 
No. 7383, February 27, 1965, p, 478. 

Bethune, I,. W., R. Barers, and M. Parker, "Dispersal of Staphloccccus 
aureus by Pat ien ts  and Surgical  S ta f f , "  Lancet, Vol. 1, No. 7383, 
February 27, 1965, p. 480. 

Hare, R . ,  and G. C. A. Thcspas,  h he Transmission of Staphylococcus m e u s , "  
Brit. Med. J., Vol. 2, No. 4997, October 13, 1956, p. 840. 

Noble, W. C., and R. G. Davies, "Studiea on the  Disposal of Staphylococci, 1 r 

J. Clin. Pathol., Vol. 18, January 19, 1965, p. 16. 



Fortunately, i n  surger.1 barrier techniques are smployed. G m s ,  
caps, gloves, and shoe covers a r t  worn and these barriers reduce the amount 
of material shed i ~ t o  the a i r .  The effectiveness of these barriers i s  s h m  
i n  Ttible V I .  These data were 2ollected by Riemensnider. The subjects were 
weariug s te r i l e  dress--the gorms were autoclaved, and were canpletely sterile. 
Even though completely draped, the subjects shed demor~strable numbers of 
organisms. They were dressed in ordinary types of cotton gowns currently 
used i n  surgery. It is obvious tbt these gowns are imperfect barriers. 
Exaxtiination o-i' these clotlies with a magnimg glass shows large openings 
in them. It is  like shooting a B-B through a ternis fence as far as bacteria 
getting through these mter ia ls .  One aspect that  helps is t o  wesr a number 
of layers, wnich forms a samewhat bet*.=. barrier. The barrier, hwever, i s  
s t i l l  quite imperfect, arrd eve3 tho- gowned and draped, we are s t i l l  shedding 
bacteria into the a i r ,  and these must be controlled in another way. 

TABLE VI 

CONSISTBYCY OF MICROBIAL SHEDDING FROH 3XDIVIDUALS OK CONSIEUTXvE M Y S  
(subjects Wearing Sterile Scrub Suit, Socks and cap) 

Subject 
Viable Particles Shed per Minute 

Day 1 EJG e 

- -- 

Data collected by Mr .  Dick K. Reipnsnicier. 

Surface sampling of floors ik surgical suites indicates +he majority 
of bacteria recovered are human skin types, Gram-positive cocci and diphthe- 
roids are most camon, but --negative bacteria are noted by their absence. 
M o s t  of the bacteria on the floor arrive by the airborne route. 

We should kncw mare about the a i rbane  bacteria i n  tbe surgery, 
and in Figm t 1 are data gathered using samplers, which is a sliptype sampler. 
Two samplers were used sirmll+-ILneausly. This surgery did not have hambar  
a i r  flaw, but was an ordinary turbulent type of a i r  delivery. Ccnmts fran 
the samplers fcllared one another fairly closely, even though they were placed 
in different sites in the room, 



Prior to tc, rg of oparotinq roan 

I-- 

Figure 1 - Preoperative Microorganism levels 

Hotice that the level of organisms in the air befare the surgical 
team came i n  was about one organism per cubic foot. That is a law level 
with onLy the Cczsella operator in the rom, and -re were  a few other per- 
sonnel that were in and eut. The s-1 S mans that a coagulase positive 
staphylococcus was isolated on that particular plate. Note again before tbe 
surgical team eoaaes, there is a level of me organism per cubic f ~ o t  in this 
particular surgery. 

A f t e r  the team arrives and begins work an the patient, the air- 
borne bacterial count increases. The data i n  Figure 2 were gatbered a t  a 
time when one surgical case was being finished and another started. !there 
i s  an average of 10 surgical perlsonnelmoving about the surgery suite. 
The p t i e n t  has undergone surgery and he is undraped a t  this point, and of 
course the activity in a surgery goes up tremendously at  -this tinre. 



Figure 2 - E~Yect of Activity in Operating Roaa 
on Microorganism Ikvels 

Hurses are Il#rving around, pickbg up the dirty ins-nu; the patient is 
being undraped, picked off the table, put back osto the cart; the  flo<#. is 

There is  an excellent camelatian belareen the degree of activity 
and the airborne bacterial population. Tbis is pro-bly due t o  two causes: 
first of a l l ,  due t o  the activity, we are sclafffng up more settled o r m s m s  
f'ram +he floor; but probably mare imgartaat, as auz. actzvity increases, our 
clothes rub and contact the skfn. W e  break off mme skin particles, and as 
a result, w e r  serial counts. 

The legend inCi.cates me patient is taken out and another brought 
in. When a patient is br-t in, activity 2s very great, wrPSrrg h i m  to tSle 
table, scrubbing and gettiag him draped, Hew i n s m t s  are brought in, 
tables set up, there is a meat deal of movement and so the airborne bacte- 
rial poipulatim stays high. But notice tbat as soon as personnel activity 
slaws d m ,  the mmiber of arganisnrs in the air drcrps rather dranratically and 
rapidly. The samplers, ia spite of being i n  different parts of the rocrp, 



collect  similar numtzrs of organisms in  the same time periods. One of the 
important aspects which concerns us i n  maintaining l o w  ae r i a l  counts i s  t o  
reduce personnel ac t iv i ty  as much as  possible. Recall that  once surgery 
i s  i n  progress, activity,  outside of arm a c t i - ~ i t y ,  goes way down. Again, 
we get t o  about one per cubic foot. Another factor that  is  very important 
i s  the number of people in the surgery. The data in Figure 3 point up the 
importance of the number of people. The more people present, the more a i r -  
borne microorganisms released. These data were gathered during a very in- 
terest ing case, which increases the number of spectators. Normally these 
surgical teams comprise about 10 people, but i n  t h i s  part icular case there 
was approximately double tha t  number. These observers were standing quietly 
Notice the airborne bacterial  levels. Instead of being around one per cubic 
foot, they averaged a t  l eas t  10 times the expected number. It does not 
matter whether these people are  s i t t i n g  in s gallery or  standing around 
the table, i n  an ordinary turbulence a i r  system operating rooan. Bacteria, 
be- the size that they are, follmr the gas laws, and they diffuse much 
as  gas does. A l t h a u g h  you may have a point source, these organisms w i l l  
f i l l  the roan in a re la t ively short period of time. The above is true in 
a conventional turbulent f l a w  surgery, not in the laminar f l a w  type tha t  
we will be discussing during the ~ e t i n g .  

Time 

Figure 3 - Increased Activity and Fkrsannel in Operating Rocm 



The levels of airborne bacteria i n  surgeries are usually very l a w  
compared t o  what you w i l l  f ind r ight  next to the surgery. Figure 4 shows 
what was obtained bacteriologically i n  the surgical h a l l  next t o  the surgi- 
cal  suite.  The data were gathered on a normal day. It is  of interest  tha t  
tb.e number of people tha t  traverse a certain point is  much greater than ex- 
pected. The levels i n  the h a l l  ccsanpared to silrgery, which i s  about one or- 
ganism per cubic foot while surgery is going on, are averaging around 15 
bacteria per cubic foot. Many coagulase-positive staphylococci are present 
in the hall a i r .  Most of the organisms found in h a l l  samples were human 
skin bacteria. 

SurOical hall 5th floor 

Coagubu wt iw  staghybcocci 

Number of pwrorrr in hall during sompbg period 

20 

Figure 4 - Levels of Microorganisms in Surgical H a l l  



The data in  Figure 5 indicate what happens whan an infected pa- 
t i e n t  i s  brought into  surgery. This was a patient with severe stxiplylo- 
coccal infection. Within a minute and a half a f t e r  arrival (the bandages 
were not yet removed), the samplers began t o  pick up the phage type of 
staphylococci found i n  h i s  wound. He continued t o  shed these organisms 
a l l  during the procedure in relat ively large numbers. Interestingly enough, 
2 min af te r  the patient was removed from the surgery, we could not find the 
orgznisms i n  the surgery (walls, floor or a i r ) .  It had been most l ike ly  
swept out i n  the exhaust a i r .  

Sampler I (cast end of Iedqe) - not in use 

o Sampler lJ (west side d gallery 1 

12[ 63 Cooqulase positive staphylococci carried by patient 11 

Figure 5 - Patient with Deep Abscess 



The rapidi ty with which microorganisms can be disseminated is  
indicated i n  Figure 6. This was ra ther  a peculiar and for tu i tous  tyye of 
s i tuat ion In  which the surgeon happened t o  cut i n to  a deep abscess, of 
which he was not aware. One minute from the incision,  the phage type of 
the organisms that  was a l so  isola ted  from the abscess iqas demonstrated on 
the sampler plates.  Despite complete remove1 of the abscess, the organism 
was  present i n  the a i r  i n  the surgery as long as the pat ient  was present. 
A s  soon a s  he was remaved from the room, the staphylococcus disappeared 
also. The important aspects are  the  speed with which the organism dissemi- 
nates and t h a t  it i s  present i n  numbers t ha t  can be sampled readily.  

* t @ Coogulo~ positive staphylococci I 

Time 

Figure 6 - Fbtient with Draining Wound 



Table VII compiles data that  re la te  surgical team personnel t o  
infections originating i n  surgery. Twelve patients were infected by one 
surgeon i n  a period of 2 weeks with the same phage type staphylococcus. 
The surgeon had a t  the time subsurface boils  that  had not yet erupted, but 
he was shedding large numbers of organisms. His skin was checked using 
contact plates and i n  Table V I I I  it was noted he was colonized with the 
proper phage type of staphylococcus. Every s i t e  sampled during the th i rd  
week was positive. A t  5 weeks the jaw was negative, but the other s i t e s  
were positive. A t  6 weeks same s i t e s  became negative, and a t  9 weeks the 
80181 staphylococci remained only i n  the area where the boils originated. 
During t h i s  period of time he received autogenous vaccine, because the 
staphylococci could not be controlled or removed with antibiotics.  

WBLE VII 

SURGICAL INFECTIONS RELATED TO A SHEDDER 

Surgical Schedule 
Thursday Tuesdq Thursday Friday Saturday Thusday 

Pt .  1, Sal  Pt. 2, Sa Pt. 3, Sa Pt. 9, Sa Pt. 10, Sa pt. 12, Sa2 
Pt. 4, Sa Pt. 11, Sa 
Pt .  5, Sa 
Pt. 6, Sa 
Pt. 7, Sa 
Pt. 8, Sa 

m m  VIII 

COLONIZATION OF A STAPHYLOCOCCUS AUREUS SHEDDER 

Duration Weeks 
Site  - 3 - 5 - 6 - 9 - 

Nose 80181 52/5ul/80/81 52/52k/80/81 47/53/54 
Jaw 8018 1 Negative Negative Negative 
Arm 80181 80181 Negative Negative 
Shoulder (front)  80181 Negative 
Lesion (rt. chest) 80181 80181 Ne@ t ive 
Back (midline) 80181 80/8l Negative 
Waist 80181 



The f a c t  t h a t  he c a r r i e s  these organisms on the skin i s  not  of 
prime importance. The important aspect i s  the  shedding of the pathogen 
i n t o  the a i r .  We d i f f e r e n t i a t e  between c a r r i e r s  and shedders, and f i n d  
tha t  c a r r i e r s ,  by and la rge ,  i n  surgery a re  not dangerous. It i s  only when 
they beccme a shedder t h a t  they become dangerous. The shedding s tudies  
s3mn f o r  t h i s  individual  i n  Table IX were performed 3 weeks fol lowing the 
outbreak. In  doing a shedding study, the individual  is  placed i n  a small 
roam with an a i r  sampler, and the a i r  i s  sampled f o r  three  d i f f e r e n t  lO-min 
periods. F i r s t  of a l l ,  he si ts  quie t ly ,  then he moves around the  room ra the r  
moderately, and f i n a l l y  he moves about rapidly.  Some nontypable staphylo- 
cocci and some not r e l a t e d  were i so la ted  from the  room before the  subject  
was allowed t o  enter .  When s i t t i n g  very quiet ly ,  he was not  shedding. 
When he s t a r t e d  t o  move about, he began t o  shed, and we began t o  pick h i s  
organisms out of the  air .  The same t e s t s  were repeated a t  6 weeks when 
h i s  skin became negative except around the  waist ,  and he was not shedding. 
He was allowed t o  go back i n t o  surgery with no f'urther problems, even though 
he did continue t o  car ry  the  80/81 staphylococci on t h e  skin i n  t h a t  erea 
of the healed boi l s .  

TABLE M 

SHEDDING STUDIES 

Room only 
S i t t i n g  
Moderate movement 
Rapid movement 

Room only 
S i t t i n g  
Moderate muvement 
Rapid movement 

Total count/ 
Cubic Feet 

6 Weeks 

Phage Type 

47/53/83, no type 
N o  type 
80/8l 
80181 ( 2 )  

No type 
KO type 



In  summary, the human being is the important source of airborne 
orga,nisms i n  surgery. It is very rare that  the mechanical equipment, the 
walls, or the instruments a.re sources, if  they are cared for properly. 
Most of the airborne organisms i n  surgery 3n.e gram-~ositive. 

What has been discussed here refers  only t o  a surgery and not t o  
other parts  of the hospi%al such as on nursing stat ions where direct  contact 
of individual t o  individual, nurse t o  patient, and 5ien on t o  another patient,  
i s  probably the prime method by which organisms are spread. I n  a surgery, 
the use of barriers indicate the airborne route t o  be the most important. 

Thank you. 

Mr. Sivinski: 
( ~ o d e r a  tor)  

Since the speaker has a few minutes l e f t  of h is  time--has not used 
it all--we w i l l  entertain questions for h i m  a t  t h i s  time. 

D r .  Tom Marks: 
( Georgia Baptist Hospital, Atlanta, Georgia) 

I would l ike  t o  know w h a t  you think the optimum time would be for  
scrubbhg second il you have run any surveys between the cloth and the 
paper gownj-nt: i n  surgery. 

D r .  Ulrich: 

Yes, there are optimal times, but the optinal time depends upon 
the material that  you are using and also the system that  you are using. I 
do nat  want t o  get too deeply into  t h i s  a t  the present t h e ,  but iodophores 
react very rapidly and they cause a very rapid reduction of bacter ia l  popu- 
lat ion on the surface of the skin. They unfortunately, however, are very 
short-lived and our studies indicate that  i n  60 min plus or minus 15 min 
for  each normal individual the effect  has been destroyed--it i s  gone--and 
then you would have t o  do another scrub. But with the hexachlorophenes, 
the reverse takes place. Hexachlorophene is a very slowly reacting germicide, 
and it may take up t o  half an hour i n  many cases before it is most efficient.  
However, it has prolonged time i n  which it reacts. Its microbial inhibition 
increases for  about the first 30 min, and then will hold 1ev.l for  approximatah 
3 hr i n  most people, a f t e r  which it i s  lost .  So you cannot s e t  any particu- 
lar time. You have t o  know what the agent is. You have t o  h a w  a lso  the 
technique that  is being used and %he akin of the individual i t s e l f .  In fact ,  
we have had indivudals i n  the seriee which we were not able t o  reduce the 



surface microbial population. These were people who had abnormal skins,  
One subject a f t e r  a bruta l  half-hour surgical  scrub s t i l l  had a s  many bac- 
t e r i a  on her skin a t  the end of the scrub as  when f i rs t  sampled. She would 
be a bad bet  i n  a surgery, And t c  your next question--Yes, the c lo th  gown 
i s  probably superior t o  the ordinary cotton--I amtalkingabout the old type 
linen. There are ntver types of c lo th  now tha t  are much closer woven, that  
do a f a r  bet ter  job than the c ld  type linen. Payer has a random pattern. 
Most of it i s  a lso  p l . s t i c i zed  today. The pore s ize  here i s  much less than 
you w i l l  f ind i n  cloth,  and as  a r e su l t  it holds bet ter  fo r  a period of 
time. Cne thing ym have t o  keep i n  mind, huwever, i n  a l l  these things, 
i s  t ha t  it i s  only for  a period of time, and t h i s  i s  true,  also,  of the 
masks tha t  are worn. Surgeons during long ~rocedures  w i l l  have the same 
mask on for  6 or 7 hr. This is wrong. The m s k  should be changed about 
every 2-112 or 3 h r ,  because j.n tha t  period of time bacteria  penetrate the 
mask. 

D r .  Ieinbach: 
(Private Pract i t ioner of Orthopedics, S t .  Fetersburg, F'loride) 

Have you done any work with the preoperative vaccination of pa- 
t i e n t s  with staphylococcus vaccine? Professor Weber of Saint  Gallen i n  
Switzerland claims tha t  he has reduced h i s  infection r a t e s  remarkably by 
t h i s  s e r i a l  vaccination. 

D r .  Ulrich: 

No, we have not; huwever, the only way we were able t o  clean up 
the skins of surgeons t h a t  were like the one I shuwed you was with vaccines, 
autogenous vaccines. We have had good luck with these. We have not had 
any side reactions. The d i f f i c u l t i e s  with these vaccines a r e  side reactions. 
It appears t ha t  the ordinary vaccine, tha t  i s  the commercial vaccine i n  
th i s  part icular  case, i s  not helpf'ul. It has t o  be autogenous. 

M r .  J e r ry  Post: 
( ~ o o r e   ankc kc Company, Los Angeles , c a l i f  ornia) 

It is indicated by the counts t ha t  you had of a t o t a l l y  exposed 
body a s  compared t o  a gowned body tha t  the primary source of contaminant a t  
t ha t  time was from the exposed f a c i a l  area as opposed t o  through the garments 
themselves ? 



D r .  Ulrich: 

These studies were not s e t  up t o  do t h i s ;  the f a c i a l  area was 
exposed. It seems quite l i ke ly  t ha t  a good share of it does come from t h i s  
area. The English have done some ra ther  nice work i n  shedding. They f e e l  
that probably the greatest  source comes from the perineum, They cover t h e i r  
surgeons with Vaseline and a l so  put them i n  s o r t  of a diaper plus the drapes. 
This effect ively cuts d m  the number of airborne bacteria.  I think they 
may have overplayed the importance of t h i s  area because the other s i t e s  may 
be jus t  a s  important, 



Mr. Sivinski: 

The next speaker is probably knmm t o  most of yau. W i l l i s  Whitfield 
received his degree in pbysics and mt3mwmtics from Hardin-Shms University, 
did graduate wrk a t  George Washington University, University of New hxico, 
and bas his Doctarate of Science Fraa fEsrdin-SrmMns University, He ceme to  
Sandia Laboratories in l954, and he bas been associated with contambation 
control anU ismy other things far quite sum period of time. He is the 
Divisioa Supervisor of the Applied Science Division of the Planetary Quaran- 
tine Deptulc?8ent of Sandia Laborataries, Far those of you that do not ImaJ, 
Dr. Whitf 2l.d was one who was assigned the or- patents in lambar 
f law technologp. Tbe first patent fa- the b a b a r  flw clean r-, and the 
one for the lnarnnr f l o w  clean bench are patents that belong t o  W i l l i s  
Whitfield, So he started this whole thing. Because of it, he was aarazded 
tbe Individual Scientific Technical Achimmf~~~t  Auard by the h r i c a n  Associ- 
ation for C o p * ~ t i c n  Cmtrol i n  May of 1969, the Holley Medal by the 
Aarerican Society of Necbanical Zngimers, which is rather hami to get, i n  
8- of S 9 ,  and the Research Achie-t Citation by tbe European Con- 
tamination Coatrol Pomdatiaa in Stuttgart, Germany, in 1970, Tbe title of 
Willis ' paper is, "Principles of Iaamhar Air P l w  Systems. " 
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D r .  Whitfield: 

Thank you, Jack. 

I f  we might have the house l ights off, I would l ike t o  put OE a 
simple demonstration af ter  your eyes have become accustomed to  the darkness. 

Since the clean roam is one of the main interest  items of this 
seminar, we should consider what the cleasl roan a c 2 ~ a l l y  controls. Much has 
been said about the clean room, what it does and haw much it w i l l  cost. 
However, it has one -in function--that of colltrolling airborne particles. 

One of the considerations about airborne pasticles i s  their  t re-  
mendous number. They are almost iafinite in number, shape, size and mate- 
r i a l ,  depending on the source and the manner in which these pmticles are 
formed. They va;ry from much less than 1 p ia size t o  hundreds or even 
thousands of microns i n  size. Imediately th i s  gives you an idea of the 
tremendous range and complexity of the airborne particles that  we are talk- 
ing about. The origin of such particles i s  usually soi l ,  d i r t ,  p d t s ,  
aninrals, people, mechanical devices, chemical reactions, etc. Almost every 
activity that we are concerned with generates particles. The main topic 
of th is  symposium i s  concerned with microorganisms, and certainly many of 
the airborne particles w e  microorganisms or have microorganisms attached 
t o  them. Obviously, sogne are dangerous t o  us and some are not. 

Small or l o w  density particles w i l l  usually remain airborne for  
extremely long periods of time. As a matter of fact ,  some of them se t t l e  
a t  a rate  of less  than one thousandth of an inch per hour, depending on 
size and density,and m y  be carried and dispersed over considerable distances 
with time. This is me of the camon means by which diseases are spread t o  
man, plant l i f e  md animals. 

Such particles are easily seen with the naked eye. I have a l ight  
source which I w i l l  turn on and aim over your heads. By naw yuur eyes should 
be quite sensitive. I w i l l  show y ~ u  some of the things that Dr. Ulrich was 
describing earlier.  You can see the very large number of particles in the 
a i r ,  probably in the order of several millions. I think I can i l lus t ra te  
quite graphically how people shed particles and I w i l l  rub hands together 
and you can see tremendous numbers of particles in the l ight  beam. If I 
dust my clothing, and this  su i t  came .from the cleaners just before I started 
th is  t r ip ,  you can get an idea of another source of airborne particles. 

The purpose of the clean room i s  t o  l i m i t  or control the hind of 
particles that you saw in the l ight  beam. And it controls by two basic 
mans: one, it i s  an enclosure that acts as  a barrier which excludes many 
of the particles tha t  are outside the clean roam; and two, it f i l t e r s  particles 



frm the a i r  before it enters the clean room. Additionally, in the case 
of lamin= flow clean roams, airborne particles are carried fran the room 
by unidirectional airflow, as you w i l l  see as we go into the presentation. 

Now, if we cculd have Slide 1 ( ~ i g u r e  1) you w i l l  see sane examples 
of airborne particle sizes. I attempted to  circle some of the ccarmon atmo- 
spheric dusts and their  size ranges--you notice that  it goes *om about a 
hundredth of a micron all the way up t o  somewhere between 10 and 100 p .  It 
shows the size range of virus, the molecular particles, and bacteria. Such 
things as human hair, pollens, plant spores, and various other kinds of 
d i r t  are also s . h m  on th i s  slide. 

A s  particle sizes decrease, the set t l ing rate  beccnnes very, very 
slow. Consequently, particles that  are i n  the a i r ,  even sane of the small 
particles you saw here w l t h  the l ight  beam, w i l l  not se t t l e  out for many, 
maqy hours. If this room were closed and all a i r  turned off, there would 
s t i l l  be some of these particles gradually set t l ing hours and even days 
'Later, depending on particle size and material. 

Next slide please ( ~ i g u r e  2).  This is  a duplicate of the curves 
i n  Federal Standard 209a for Clean Rooms. We w i l l  refer t o  t h i s  la ter ,  but 
the thing that I would like t o  point out nrrJ i s  the fact  that these curves 
indicate average pasticle size distributians that exist  in the air. If we 
were t o  sample -&e a i r  in this room, the curve might be much higher, but 
it would s t i l l  be ~ a r a l l e l  t o  the distribution and size found in clean roam. 

Next slide please ( ~ i g u r e  3). I think this is  a rather important 
slide, in that it shaws the relative importance of airborne versus surface 
particles. In  the cdse of th i s  symposium, we might ca l l  the product the 
patient. The product would into the clean roan with i t s  own l*ci of 
containinatiozi as  the patient would came hto the operating room, as D r .  Ulrich 
pointed out, with his own load cf bacterial contamination. 

As the product i s  brcught into the roam, it accumulates m o r e  con- 
tamination by five different meas or paths. In the commercial clean roan, 
we find that fallout or direct ~ ~ n t  i s  me of the least  troublesome 
paths of airborne contamination t o  the product. The two most serious are: 
one, the contamination t h p t  f a l l s  on equipment in the clean roan, such as 
tools, bench tops, and other equipment, i s  then carried directly t o  the 
product by contact; and two, the contamination generated by people in  the 
clean roam. 
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Figure 1 - Characteristics of Particles and Particle Dispersoids 
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Next s l ide  please ( ~ i g u r e  4)  . This i s  an artist  ' s drawing of 
what might well be an operating room i n  your oh-n hospital, or it rnight rep- 
resent what we c a l l  a nonlaminar flow or a conventional clean room. The 
f i l t e r e d  a i r  is brought i n  from the ceiling, al lared t o  mix i n  the room 
and is removed,.hopefully, near the floor. It i s  intentionally a mixing 
chamber; thas airborne contamination in the clean room w i l l  be dispersed 
throughout the roam. 

Next s l ide  please ( ~ i g u r e  5). This i s  just  a very simplified 
drawing of a ver t icel  laminar flcw roam. As you notice, the whole ceiling 
i s  an entry way for  a i r  coming in to  the roam. The whole f loor is  an exi t  
fo r  the a i r  leaving the room. Consequently, the a i r  flowing through the 
rogm, without major disturbances, flows in s t ra ight  l ines,  and is  what we 
might c a l l  unidirectional airflow. Part icles released i n  the room w i l l  be 
carried out very quickly with the a i r  stream. 

Next s l ide  please ( ~ i g u r e  6) .  This  i s  an i l lus t ra t ion  of what 
happens in a ver t ica l  f l a w  el-ean room. As the worker standing i n  the middle 
of the room sheds contamxination it i s  carried frm the room tho-agh the floor 
and removed by the f i l t e r s .  The turbulences and the interferences ca.nsed 
by the person w i l l  be discussed later .  

Next s l ide  please (~ igure  7) .  This i s  a cutaway drawing of a 
ver t ica l  M a r  flaw roan showing the f i l t e r s ,  l igbts,  grating floor,  a 
p re f i l t e r  with a return-air plenum underneath, blowers, a subplenum t o  
provide a very uniform airflow which i s  a necessary item in the design of 
a laminar flow clean roam, and the HEPA f i l t e r  plenum. 

The next s l ide  ( ~ i g u r e  8) shows a picture of the development model 
a t  Sandia. This room i s  only about 10 ft wid2 by 20 f t  long. So f a r  as I 
how, it was the f i rs t  ver t ica l  flow room. Notice the grating floor and the 
f i l t e r  ceiling. The l ights ,  however, are no longer i n  th i s  position and an?. 
now positioned across the room, We have learned a l o t  from th i s  room and a 
number of design changes have taken place since i t s  fabrication. However, 
t h i s  room i s  a good performer and is  s t i l l  operating a t  better  than Class 
100. 

Next s l ide  please ( ~ i g u r e  9). This shars a cross section of an- 
other ver t ica l  flow system. It is  what we c a l l  a curtain laminar flow sys- 
tem. It consists of a p re f i l t e r ,  blr , plenum and f i n a l  f i l t e r  system 
and has plas t ic  drapes t o  direct  the airflow damward and out under the 
curtain. The advantages of t h i s  are that  it is  portable, it can be eas i ly  
moved, and it i s  less  expensive than r ig id  wall f a c i l i t i e s .  
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The next slide ( ~ i g u r e  10) w i l l  give better de ta i l  of the cu rk in  
uit, showing a cutaway view. The prefi l ter  i s  very important in  t h i s  par- 
t icular unit because th i s  unit may be located in a d i r ty  area with more 
gross contamination than that tc which other laminar airflow devices w e  
normally exposed. Thus the pref i l ter  ahead of the blower sys+&m or imedi- 
ately af ter  tne blower system and before the f ina l  f i l t e r s  provides protection 
for the HEPA f i l t e r s .  Again you see the legs, casters, plastic curtain, etc. 

Next slide please ( ~ i g u r e  11). This slide shows another develop- 
mental model of a curtain nit. As you can see, it is s i t t ing  outside a 
building. Used in th i s  way, it cleans atmospheric a i r  and provides clean 
roan fac i l i t i e s  completely exterior t o  a building. 

The next slide ( ~ i g u r e  12) shms the first hosp i td  operating 
roam to  use laminar f l w .  It is very simi1a.r t o  the curtain units we have 
just seen. It was installed in an existing operating suite a t  the Baatan 
Hospital i n  Albuquerque and has been i n  operation for 5 years. The f i l t e r  
bank i s  located immediately above the lights. As the air  exhausts froin 
underneath the curtain, it i s  refil tered and recirculated wer  the operating 
area. The operating roam was quite small t o  begin with, and the additiori 
of the lamix-  flow unit mde it more congested, However, according t o  
Dr, Whitcatib, who is Chief of Surgery a t  the Lovelace Clinic, the room has 
wcrkeJ out quite well, As I remnber, microbial count i n  th is  roam drupped 
from approxfmtely one t o  three per cubic foot t o  an average of less than a 
hundredth of a microorganism per cubic foot. Dr .  Whitcomb found the worst 
cmdition i n  the roam immediately underneath the operating rooen table where 
three-hundredths of a microorganism per cubic foot count was taken, Most 
of the c m t s  were zero i n  open areas of the roan. Counter probes were 
located near the incision points in a number of operations and the counts 
were very low. In  maqy instances the counter raa for hours without a single 
count. The roan was very difficult t o  evaluate s ta t i s t i ca l ly  because of the 
extrendy low count, but we must assume that the microbial count i n  t h i s  
roam is approaching zero, 

Next slide please ( ~ i g u r e  13). Ancther basic derivation of the 
laminar f l ow  sys+xm is the cross flow or horizcmtallamina,r f l o w  clean room. 
In  this type roan the filter b i i  forms one entire mil while the air exi ts  
through the en t i r e  apposite wall. It is basically the same device except 
that  now the a i r  flows across the roan as  apposed t o  flaring f i a m  ceiling 
t o  floor s s  it does in tbz down-flow room. 

One thing I did nut, ncnt5.m earl ier ,  A i r  cgnditionhg i s  usually 
added in the return a i r  1- t o  condition t h e  a i r  for temperature and humidity, 











The next slide ( ~ i g u r e  14) i s  a picture of a large industrial  
[:lmn rom i n  Albuquerque that  i s  100 f t  long and 34 f t  wide. The ai r f log 
i t 1  t h i s  room i n i t i a l l y  was 120 ftlmin. The part icle count i n  th i s  room 
was much less  than we had expected for a roam of th i s  size; $he t o t a l  count 
for part icles 112 p or l u g e r  w s  less  than 8,000 part icles per cubic foot 
af ter  it passed by a number of workers i n  the room. As you notice, the 
workers are wearing only brief smocks and shoe covers and have no head 
covering. The product that  they were assembling in th i s  room was not ex- 
tremely c r i t i ca l ;  hawevzr, the cleanliness of t h i s  room was very good. 
This roam was instal led in the mid-1960's for  electronic compone~t assembly, 
and it turns out thzt  the room was entire* satisfactory f9r the job. I 
might mention one &her thing--a microbial count was made i n  the room and, 
even with all the people working, the microbial count was very  low. 

The next sl ide ( ~ f g u r e  15) shows another modification of the 
laminar flow system commonly called a tunnel roam. I f  your have seen some 
of the newer laminar flow devices used in upgrading hospital operating roams 
you may have seen th i s  type un i t  ins ta l led in existing operating rocnns. 
Rather than htving i t s  own a i r  condi t ia ing  system, it takes the a i r  &om 
the existing room, f i l t e r s  it, and blows it through the enclosure. This 
type roam, 50 or 60 f t  long, w i l l  usually meet Class 10,000 (10,000 part icles 
3./2 p, and larger),  while the f i r s t  work location would nonnslly be Class 100. 
As with the curtair1 units,  the pref i l te r  system i s  very imgortant on t h i s  
device t o  eliminate the heavy load of par t ic les  from the room i n  which it 
i s  located. The cost of the tunnel room is  reasonable, i ts  insta l la t ion i s  
simple, and i t s  performance i s  eqcivalent t o  the rigid-wall devices. 

Next s l ide  please ( ~ i g u r e  16). I would l ike  t o  give you just  an 
indication for the next few minutes a s  t o  how these devices perform. The 
lab technician here is  holding a very simple smoke gun up near the ceiling 
of a ver t ica l  laminar f l o w  room with the roan i n  operation. Without dix- 
turbances the air is  carried very quickly t o  the f loor by the air s t rem.  
The airflow i n  this roan, incidentallg-, was about 90 ft/min. 

Next s l ide  please ( ~ i g u r e  17). If you have  bee^ ulround people 
who have bui l t  and operated laminar f l a w  roams, you w i l l  know tha t  one of 
the i r  concerns i s  turbulence from interferences in the air stream. And 
ce;.tainly, th i s  i s  a factor t o  be considered. It i s  something tha t  you can 
l ive  britil; however, if you properly s lan  the design and layout of the room. 
Eved i n  the turbulent ar=a,  he part icle count is  not nearly as  high a s  you 
would expect i n  con-rentiona, f ac i l i t i e s .  
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There is  one rule of thumb tha t  you can use for  estimating t9mbu- 
lence from obstructions in  a laminar f l o w  room. What I c a l l  a recirculating 
turbulence would persist below an obstruction a distance of roughly three 
t i m s  the width of the obstruction. To give you an idea of what I mean by 
recirculating turbulence, if smoke were introduced a t  so= point downstream 
from an obstruction within approximately three times the obstruction's width, 
sane portion of this smoke would be brought back a l l  the way behind the ob- 
struction and again remixed and would circulate in t h i s  area for  a somewhat 
longer period of time than it would i f  it were released out i n  the open area. 
This occurs beneath tables, behind people, etc.,  i n  'laminar flow systems. 
The tests that  we conducted a t  Sandia i n  the early days of t h i s  development 
showed that  i f  we put a par t ic le  counter i n  an open area and introduced a 
single burst of smoke upstream, the smoke would be gone in a matter of frac- 
tions of a second and the count would be back t o  zero. In a turbulent area, 
however, we found that sometimes the detectable smoke might pers is t  for  
periods of 10 t o  i5 sec. Even when you consider this, it i s  a rather rapid 
response time a s  compared t o  par t ic le  coilnts and turbulence i n  conventional 
rooms. 

The next sl ide (Figure 18) carries t h i s  just a b i t  further i n  tha t  
we are  talking about lamps being suspended from the ceiling. This might 
become important when these lamps were hanging l o w  enough that  people's 
heads or some operation might be in t h i s  turbulent zone. In t h i s  situation, 
partic3.e~ could be recirculzted for  some period of tine. 

The next s l ide  ( ~ i g u r e  1-9) again shows us another area of turbulence 
which is more c r i t i c a l  than the kind that  we  have been talking about. men 
the a i r  i s  flowing pas-;; only one side of an obstructiorr, t h i s  r e c i r c u l ~ t i n g  
turbulent zone w i l l  extend roughly twice the distance a s  when the a i r  is  m m -  
ing past both sides of the obstructian. In this case, the turbulence pers is ts  
roughly s ix  times the obstruction width downstream before the turbulence i s  
carried on essential ly with the speed of the a i l  stream. You might a lso keep 
i n  mind that  you can apply t h i s  same rule of thumb t o  horizoilt,al flow roams. 
So if you are laying out a laminar flow room, keep c r i t i c a l  operations away 
from the walls as much as possible. These again are just rule of thumb guides 
that  you might use i n  operating laminar flow roams. 

Next s l ide  please (Figure 20). This s l ide  presents a cutaway of 
the HEPA f i l t e r ,  showing i ts  basic construction featmes.  ' The f i l t e r  media 
is  simply one piece of f i l t e r  p q z r  pleateC! back and forth. The a i r  travels 
through the filter by one separator, goes through the filter medium, and 
follqws another separator out. The f i l t e r  paper or medium is quite f rag i le  
and caa be quite easi ly  damaged. In most of the pictures you have seen, 
same kind of a screen or perforated sheet was placed on the roam ~ i d e  of 
the f i l t e r  t o  protect it frm mechanical damage. 
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The next s l ide  ( ~ i g u r e  21) indicates the location of possible 
leaks i n  HEPA f i l t e r s .  One of the greatest  problems encouritered with laminar 
fluw devices i s  sealing of the f i l t e r  bank. F t r s t ,  l e t  us consider the 
f i l t e r  holding mechanism attached t o  the clean roan wall. When you are 
talking about hundreds of l inear  f ee t  of cei l ing,  leaks i n  t h i s  area can 
become a problem. Such things as screw holes or just  scratches along the 
clean room w a l l  can provide channels through which the unf i l tered a i r  can 
migrate in to  the clean room. Of course, the more o b v i ~ u s  potent ia l  fo r  
lesks are the holes i n  the f i l t e r  me3ium i t s e l f .  So= of these cdn be 2e- 
tected and repaired whilc others may require replacement of the f i l t e r .  
Rote 3 indicates a leak around the f i l t e r  gasket where the f i l t e r  face sea t s  
on the filter support frame. We have actual ly seen weld blow-holes i n  
welded joints  a s  shown i n  Note 4. These a re  some of the common leakage 
pcints tha t  must be checked if you i n s t a l l  a laminar f l o w  room i n  yaw 
hospital. Even though the t o t a l  pz r t i c le  count i n  a room may be small, as 
a resu l t  of minor leaks, there i s  nct mch reason t o  put i n  an expensive 
ins ta l l a t ion  l ike  t h i s  and not reap %he benefits of e leak-free f i l t e r  bank. 

Again I would l i ke  t.o c a l l  you zttkeztion t o  Figure 2, showing the 
Federal standard 209a curves, t o  give you ac idea of whzt kind of performance 
we m y  get  from various tyyes of laminar flew devices. Remember t ha t  each 
of these curves regresents a ps.rticle distrfbution i n  an area, Class 100 
signif ies  a maximum of 10;I partdcles 1/2 p or larger  i n  s ize  per cubic foot  
of a i r .  Class 10,Om represents She same range of par t i c le  s izes,  but per- 
mits a concentration of 10,000 par t i c les  per cubic foot  of a i r  and so on 
for the Class 100,OaO. The ear ly  nonlaminar f l o w  clean rooms usually f e l l  
in  the l a t t e r  categary, with par t i c le  counts somewhere between 50,000 and 
100,000 par t ic les  per cubic foot.  The cross flow or horizontal flow room, 
w i l l  f a l l  i n  the Class 10,000 category 50 f t  away from the f i l t e i -  bank. 
There are excep t i~ns  bo t h i s ;  the p a r t i c k  count m y  be lower but ra re ly  i s  
it highei. than %his. And of course the v e r t i c a l  laminar flow room through- 
out the whole room f a l l s  well  within Class 1C0, The federa l  standard, i f  
you are act too familiar w i t h  it, i s  a s t a z b r d  method of describing clean 
rooms in t e r n  of these c l~s s t ? s .  Tnis i s  the hecrt  of the federal  standaxd 
a s  you see it i n  Figure 2. I would caution you about rea3ing this par t icular  
s e t  of curves because the zbsclssa i s  a logarithmic scale. You w i l l  notice 
that  the Class 100 curve, fo r  instance, crosses the Sot5om l ine  a t  a l i t t l e  
l e s s  than 5 p .  This i s  not zero; it i s  one par t i c le  per cubic foot .  The 
next lower l ine  under t ha t  would be one-teatb par t i c le  per cubic foot,  man- 
ing tha t  you would expect larger par t ic les ,  10, 50, and 100 p ,  t o  occur i n  
a Class 100 roan only on h. very law frequency basis. So do not in te rpre t  
t h i s  bottom l ine  a s  meaning Tero; it does not mean t ha t  you could not have 
a clothing f iber  a c ~ u p l e  of inches long i n  a rocm on some very l o w  frequency 
basis,  evec though - it may be one in  hundreds of cubic f e e t  of a i r .  
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The next s l ide  ( ~ i g u r e  22) shows the s e l f  clean-dawn response time 
of a laminar f l o w  room. A cloud of smoke was introduced upstream of a sen- 
s i t i v e  photometer tha t  responded very quickly t o  par t i c le  counts, although 
the room was probably responding more quickly than the counter. The scale 
tha t  you sce on thz l e f t  side i s  a logarithmic scale; the zero l ine  repre- 
sents a threshold of sens i t iv i ty  of aoout lo5 par t ic les .  I n  most cases, 
complete recovery from the smoke cloud occurred in a matter of seconds. 
This w i l l  give you an idea of how quickly a laminar flow room can recwer  
from a cloud of par t i c les  such as  t ha t  produced by a person shedding a 
number of skin par t ic les .  

A t  t h i s  time we have about a. 12-min f i lm which portrays the laminar 
Glow concept i n  operation and w i l l  enable us t o  reinforce our thinking about 
the basic principles of the operation of laminar flow devices. So if we 
could have the f i lm a t  this time. 
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M r .  Sivinski:  

Well, we a r e  ready t o  commence again, now t h a t  the inner ma,n and 
the  inner woman has been refreshed. 

This afternoon the f i r s t  four a p e r s  a re  going t o  be about d i f f e r -  
e n t  kinds of laminar flow environments f o r  the  opersting s u i t e .  One of the  
things we a re  t ry ing  t o  do here i s  compare the  envir.ormen+., and not  necessar- 
i l y  compare data ,  because some of the people I understand d i l l  have data and 
others  w i l l  not.  So we a re  not comparing data,  we a r e  bringing t o  the f l o o r  
those kinds of environments which seem reasonable f o r  an operating s u i t e .  

Our first  speaker t h i s  afternoon i s  D r ,  J. P. Nelson, an orthopedic 
surgeon from S t .  Luke's Hospital  i n  Denver, Colorado. He got h i s  B.A. from 
Grinnell ,  and h i s  medical school was Northwestern; h i s  orthopedic residency 
was a t  Mayo Cl in ic ;  and present ly he i s  i n  the pr iva te  prac t ice  of ortho- 
pedic surgery i n  Denver. H i s  qua l i f ica t ions ,  he claims, a re  h i s  i n t e r e s t  
i n  the area.  The t i t l e  of h i s  paper t h i s  afternoon is  "Use of Total  Hori- 
zontal  Laminar Flow Systems i n  Surgery," 

D r .  Nelson. 
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DY. Nelson: 

I, INTRODUCTION 

I would l ike t o  thank the sponsors of th is  conference for the 
opportunity t o  speak t o  you. My qualifications for th is  task are meager, 
particularly when cmpared with those of many others who are here. How- 
ever, my two associates, D r .  Alba Glassburn, Jr., and Ik. Richard Talbott, 
and I have been interested in the subject of clean-air surgical modules 
for operating room use for nearly 2 years. This interest  has been stimu- 
lated directly by the experience of D r .  John Charnlcy i n  England whose 
infection rate in to ta l  hip replacement was reduced dramatically uti l izing 
the "greenho*we. " %is rate reduction k'as fran 9 to 0.596. Certainly, 
there are questioris atuut whether biz techniqyes and other variables might 
ha\-? contri'auted t o  +,his r~duction, h t  a t  least  it seems more than a coin- 
cidence that  5-he "greenf~ouse" went along with this. Most of you are familiar 
w i t h  these figures, and 2: . ~ l i e v e  thai. many of the physicians here can also 
tsace their interest in th i s  subject t o  'the same source. 

The technology far  clean-air surgi:almod.des has been available 
and refined for many years. Credit shauld be given in th i s  country t o  
D r .  Wnitcomb a t  the B3atan Memorial Hospital i n  Albuquerque and t o  Dr. Fox 
a t  the Pistianal Insti tutes of Health for their  pioneering work in chis area. 
Eospite the available kchologv,  it is  of irlterest t o  note that it has 
+ k e n  an crthopedic procedure developed primarily i n  England t o  popularize 
the desirability of better operating roan emrir~nments . A s  a l l  of you 'maw, 
surkLcal t e c h o l w  is  also increasing in its capability. Many operations 
require large e-uposure of tissue for long periods of t i m e ,  thereby enhancing 
+&e possibility of airborne cmtaminaticm of the wound. I n  addition, rela- 
tively large amounts of foreign materials are being introduced into people 
as r e p l a c a n t  s w t s .  !he prime medical areas for  +,hese replacements are 
in the realms of ~ a r d i ~ c u l a z  and orthopedic surgery. I am aware of no 
otiner operation in which such large amcnmts of inert ,  foreign materials are 
placed within the boCy as there are in the several varieties of t o t a l  hip 
repiacementq. Since these materials have no intrinsic abi l i ty  t o  cumbat 
bacteria, the htroduction of only a few bacteria with them intc, the body 
a t  the t h e  of surery can cause a disastrous infection. Rmy of the Zn- 
fections now being seen by orthopedists are caused by orginisms previously 
th-t t o  be either saprophytic or cf extremely low villrlenrle. These in- 
clude members of the gram-negative group stlch as & m a ,  diphtheroids, and 
Serratia, and Staphylococcus epidenaidis. There are a nuuiber of possible 
explanations why these organisms have become more of a cl inical  problem 
including increased, widespread use of mt. ~ i o t i c s ,  older patient populations, 
bacterial mutations and very l ikely cerr other factors which bacteriolo- 
g is ts  could more properly discuss. Sufficr: it. t o  say that these organisms 



are cammanly found in the a i r  and ori personnel where surgery i s  performed 
and that they represent a 3azard t o  the patient 's wound and subsequent sur- 
gical result .  And I shciuld comment that we have sampled our a i r  and we have 
found gram-negative bacteria in  the a i r .  

The possible economic consequences of a deep wound infection, 
aside f r o m  pain, Functional disabili ty and prolonged absence fram home and 
job, can be seen by calculating the ext;ra cost engeneered by the one deep 
wound infection in  our series of 170 to ta l  hip replacements. 

Extra hospitalization - 4 months - 120 days a t  $80.00 
per day = $9,600.00 plus the cost of three additional 
surgical procedures, blood and special consultations. 
Total probable cost - $12,000.00, 

I f  th i s  infection had occurred in a wage earner, then the amount of salary 
i ~ s t  and canpensation paid can also be added t o  th i s  figure. 

On the basis of econanics alone, then, we should consider any method 
which can reasonably be expected t o  reduce the incidence of infection, The 
fact  that infection rates in most insti tutions are already quite low should 
not be used as an excuse t o  defer applying m o v e d  envirommntal technology 
t o  the hospital and particulasly the operating roan. 

In our particular hospital, which I think is  an average hospital, 
the published infection rate  is approxinrately 1s. I honestly believe that  
th i s  i s  ope3 t o  same w s t i m  because this is what shows up on the off ic ia l  
medical record. There are many wounds which drain that are not cultured 
and there are instances where infections are hidden. I am sure that anybody 
who practices in a rather general hospital w i l l  find that th i s  i s  true. I 
honestly think that the infection rate  probably w e r a l l  must be around 3$ 
or SO, 

The medical l i terature on surgical infections is  voluminous and 
great advances in the control and prevention of these infections have been 
made sipce the introduction of the principles of asceptLc technique, The 
basiz question of haw does an infection start in the small percentage of 
patients who develop them has not been answered satisfactorily. Bacteria 
may be delivered t o  the wound by ccmtact with unsterile utensils, gluves, 
etc.; by the a i r ;  or frm the patient himself. The first method of delivery 
can now be controlled very well and, except for breaks i n  technique, should 
not be a factor. With the advent of tifie HEPA f i l t e r ,  we now have a method 
of controlling airborne delivery. Frm a purely scientific standpoint alone, 
then, the clean-air surgical module is  important as  a method of controlling 
one variable in the infection equation, and, therefore, allowing more in- 
tensive investigation of the patient himself as a source. 



I should also l ike t o  be a l i t t l e  philosophical before going on 
and observe that it seems very important that there be a very close alliance 
between members of industry, the scientific community, and those involved 
i n  the day-to-day delivery of health care services when new technological 
systems are developed. The ultimate objective is improved, and i f  possible, 
more economical patient care, and th i s  requires teamwork. It seems to  me 
that there is  no longer room for the autocratic surgeon or the ivory-tower 
scient is t  or the industrial entrepreneur whose sole motivation is  profit.  
It appears that this  confeixnce, surprisingly sponsored by a govermexit 
agencv ostensibly devoted t o  outer space, is an example of the desire for 
 work in the application of new technology t o  health care. 

11. DTTIAL HORIZONTAL FIXlW DESIQ; CONCEPTS 

When we in i t i a l ly  inv2strgated the possibil i ty of instalJ3ng a 
clean roam, most of ths =signs extant a t  that  time were of the vert ical  
f lmr  variety. It seenred that there are two draw-'cks t o  t h i s  system, 
namely, the expense--and prices quoted t o  us when we investigated th i s  ranged 
in the neighborhood of $30,000-$35,000 for installat ion of such a facility-- 
and lighting--in the vert ical  systems which we visi+ed, the lighting was 
cuuibersoabe and usually required extra lighting fac i l i t i e s .  I understaad that 
now naany of t k s e  problems with regard t o  lighting have been overcame. We 
therefore elected t o  pursue the horizantal f l o w  design based on a roan-within- 
a-roam ccmcept . We used as  precedence in this design the published w o r k s  of 
Fox and Martland. We were concerned about the possible adverse effects of 
turbulence, causing updraft contamination of the wound. However, there 
s e a d  t o  be l i t t l e  reason for this  t o  occur. 

Our initial design objectives then were: 

( 1) Easy installation and maintenance. 

(2)  Utilizaticm of existing lighting. 

(3)  ' J t i l iza t im of existing a i r  conciitiming. 

(4 )  Minimal disturbance of existing architecture. 

(5) Utilization of existing pwer supply. 

(6) Utilization of r e c i - r a t e d  air. 

( 7 )  Portability of the system. 



(8) Decreased cost. 

(3) Minim1 interference with existing operating techniques. 

N o w ,  part of ~k;-t vc? had in roind was tha t  it would seem i n  our 
country that w e  hzve enougll hospitals and we have enougn s t ructural  f a c i l i -  
t i e s .  If you are not going t o  s t a r t  from scratch and build "brand-new" 
operating rooms, and there probably w i l l  not be too many of those bui l t  i n  
the future, then yo11 should be able t o  use existing f a c i l i t i e s .  These 
differ greatly, so that  the system should have adaptability t o  existing 
architecture and i t  should be mass-produced i f  possible. The portabi l i ty  
i'actor was added beca.cse s-igeons usually have very se t  ideas about what 
i s  r ight  and what i s  wrong. I f  you bring a new system into play in  their  
operating room without their  consent, they w i l l  generally rebel. 

Such a unit could be moved around a hospital and used for reverse 
isolatior, of persons accidentally irradiated, of burn victims and immunosup- 
pressed patients. Tkese concepts xere i n i t i a l l y  taken t o  the Martin-Marietta 
Corporation i n  Denver because of the i r  experience with industrial  clean rooms 
i n  spacecraft m2~ufacture. Subsequently, a proposal for t h i s  type of sys- 
tem was submitted t o  NASA and th i s  has recently been approved. I n i t i a l  con- 
s t r u c t i o ~  of the system and a program for evaluation 02 the L-se of ventilated 
space helmets with self-contained communication gear has begun. We hope t o  
combine the space helmets with "special impermeable gown m t e r i a l s  so that  
the possibil i ty of contaminz'vion frm operating room personnel car, be f'urther 
reduced. 

Last summer we a lso discussed our plan f o r  a horizontal f l o w  room 
with t5e Envirco Corporation of Albuquerque. Their desigi for t h i s  system 
was discussed on several occasions and f inal ly  approved in January 1971 
( ~ i g u e  1). It was installed i n  k r c h  1971, and we performed our firs-t oper- 
atioas i n  it on March 15, 1971. The following discussion i s  based on our 
experience with t h i s  unit.  





111. OUR MPERIENCE WITH THE EORIZONTAL F'WW ROOM 

Because of our desire t o  interfere the leas t  possible amount with 
normal functioning of the operating sui te  a t  St .  Luke's Hospital in Denver, 
we chose the leas t  desirable operating roon. I should note that  the opera- 
ting suite was constructed i n  1968, and tht the a i r  exchange within each 
of nine rooms is 12 t o  14 times per hour. The roan we chose has dimensions 
of 18 f t  by 18 f t  and i s  located next t o  the operating sui te  a i r  condition- 
ing equipuent which generates a substantial noise level.  The a i r  condition- 
ing had previously prwed t o  be sanewhat inadequate, part icularly on hot 
summer days. We f e l t  tha t  i f  we were go- t o  t e s t  the system adequately, 
we should do it under the most adverse conditions available. 

The systek consists of two portable blower units  located on ei ther  
side of the plenum. The plenum extends frm the ceil ing t o  the f loor with 
the dimension of 10 f t  i n  breadth. The walls are composed of one sol id  
section approximately 4 ft in length and an additional sl iding door section 
of approximately 8 f t  i n  length. The sl iding doors are suspended on a r ig id  
extension from the plenum i t s e l f  with one t i e  rod into  the ceiling. They 
are made of heavy duty glass with aluminum frame and s l ide quite easily. These 
doors were constructed so tha t  they can sl ide back tawards the plenum t o  
provide easy maneuverability for the staff and during times between opera- 
t ive  cases. The solid side walls are advantageous because they keep the 
f l o w  directional for a distance of approximately 3 f t .  In this base area 
we keep our back tables with instruments while the patient  is  prepared. 

I sha l l  t r y  now t o  eva.luate the system under a ser ies  of headings, 
with appropriate comments under each heading. 

A. Maintenance 

Each blower uni t  contains the pref i l te rs .  The blower units  are 
on casters and are easi ly  detachable from the plenum so that they may be 
serviced if necessary outside the operating rooms. The materials u t i l ized  
t o  construct the system have proven t o  be quite easi ly  kept clean. We have 
noticed absolutely no dust within the room or on the l ights.  Our contract 
with the manufacturer has provided for  quarterly inspection and tes t ing of 
the HEPA f i l t e r s  and other hardware t o  be certain that  they continue t o  
measure up t o  specifications. We have had no d i f f icu l t ies  with any of the 
mechanical or motorized parts  of the system. We turn the system on a t  
approximately 5:30 in the norning and continue t o  run it u n t i l  the conclu- 
sion of the operating schedule. 



B. Acceptance of the System by Personnel 

Before insta l la t ion,  we made a determine6 e f fo r t  t o  inform a l l  
personnel i n  the operating sui te  of the purpose of the system and i ts  ap- 
proximate dimensions. This included both the surgical s ta f f  and the oper- 
a t ing room nursing s t a f f .  Consequently, we have had l i t t l e  dif f icul ty  with 
personnel acceptance and since there ase eight other roans, none of the 
surgeons who might object have voiced any strenous cbjections. We have care- 
fu l ly  questioned our anesthesiologists, and occasionally they wntioned 
s l ight ly  excess noise which i s  distracting. They have not f e l t  t ha t  the 
noise interferes with auscultation of the hear3 through an esophageal scope. 
They have not been amre  of the airflaw. 

C. Utilization 

The sl iding doors have made it quite easy t o  get the patient into  
and out of the room. Generally, we transfer the patient from hi s  bed i n  the 
hallway outside the room t o  the operating table. Preparation of the skin 
has been done routinely within the enclosure i t s e l f .  We have generally done 
a l l  of our preparation including draping with one sl iding door part way open. 
We then rmove several stands From the 'roan and move the patient deeper into  
the roam just  prior t o  beginning the operation, We bave had t o  make m o d i f i -  
cations i n  our back + ~ b l e  setup by reducing the number of tables and consoli- 
dating our instmmnts .  We do not use special instrument packs for  the 
t o t a l  hip replacements. It has been somewhat cumbersaw t o  get  two x-ray 
machines in to  the module in  order t o  take biplane x-rays for  fractured hips. 
We have solved t h i s  problem by placing the patient obliquely within the rooan. 
Our anesthesiologist has u t i l ized  tanks of oxygen, cyclopropane and nitrous 
oxide as  well as a rather large stand containing emergency drugs and a cardio- 
scope. This does cramp %he open end portion of the room. We are  in  the 
process of designing more adequate shelving on the existing operating roan 
w a l l  t o  take much of t h i s  equipment and t h i s  should give us considerably 
more space a t  the open end of the system. Even though our module is i n  a 
rather small roan, we have found tha t  the 4 ft leeway on ei ther  side of the 
module has prwided satisfactory room for  observation of procedures as well 
as  movement of support persomel. There is  an approximate 3-in. space between 
the bottom edge of the collapsible wall and-the floor. Tubing, cords, and 
wires can easily be led out beneath this space. On the first day of use of 
the room several of us noted a brief feeling of claustrophobia. However, 
t h i s  feeling rapidly passed and, subsequently, we have not experienced it. 



D. Noise Level 

The noise level  within the room has been measured a t  64 decibels. 
I am to ld  that  t h i s  is the approximate amount of noise which a standard room 
a i r  conditioner produces. We are able t o  converse i n  a normal tone of speech 
with ourselves and the anesthesiologists. The noise level  has not been ir- 
r i ta t ing  af te r  being i n  the ro& several hovrs. However, we are unable t o  
converse with people outside of the room except if  they come to  the open 
end of the room. Certainly a loudspeaker system would be helpful i n  t h i s  
sittlation i f  teaching were of prime importance. 

E. Surgeons' Comfort 

We have noted no discomfort from the moving a i r  which is  essential ly 
imperceptible. Since we thought about working within a 10 f t  by 10 f t  en- 
closure for  a long time, we have not found a 4  d i f f icu l t ies  i n  a h p t i n g  our 
procedures t o  t h i s  space limitation. A s  w i l l  be noted below, we have had 
some diff icul ty  with increasing temperatuzes during the day. Particularly 
during strenuous procedures, the warmth of the room has proved t o  be somewhat 
uncomfortable. 

F. Potential Hazards 

There are two hazards which I think deserve sane mention, and 
about which I think there is  some conful;ion. The first  i s  that  of a leak 
of anesthetic e s ,  part icularly com3ustible anesthetic gas. We believe 
because of the rapid exchange of air, which i n  our system i s  90 ft/min, 
that  there is  a very rapid mixing, and should even a very large mount of 
anesthetic gas such as one or two canisters of cyclopropane escape, that  
t h i s  amount of gas would be rapicily mixed t o  e subexplosive level.  We have 
done some calculatians regarding t h i s  and it would appear that  a t  l eas t  two 
canisters of cyclopropane escaping in to  tha t  18 f t  by 18 f t  by 9 f t  roan 
would have t o  be released in order t o  cane close t o  an explosive mixture. 
And a s  I recal l ,  the percentage on tha t  i s  sanething l ike  2.5s. Certainly 
more expert opinion then t h i s  should be gotten before we make a definit ive 
decision about tht . With regard t o  th i s ,  i n  a horizontal clean roan,. a s  
most of you know, the public health standards are that e lec t r ica l  outlets  
should be 5 ft above the floor. Now, i f  you are mixing and the reason for  
t h i s  i s  the gas i s  heavier than a i r  and tha t  it layers out and i f  you have 
a spark, you should not have any possible spark source below 5 f t .  Well, 
actually, t h i s  i s  a l o t  of nonsense because if you bring an extension cord 
in, you have a tremendous spark source, and there are spark sources going 
on a l l  the time. If  you have a clean room with very rapid mixing, then 
th i s  negates the 5-ft  level,  essentially. And I think that  there are  some 



questions, as f a r  as code requirements are cancerned, about the u t i l iza t ion  
of a clean room, and these ought t o  be discussed and some decision be made 
about it. 

The second possible hazarc? i s  an e l ec t r i ca l  leak, and I am sure 
you have heard much flbout th i s ;  I know very l i t t l e  about it except that  it 
can and does occur, pazticularly where there are e lec t r ica l  instal lat ions,  
and therefore certainly explosion-proof e lec t r ica l  connections and isolation 
of the motors should be done. 

G. Patient Acceptance 

I think many people who are doil-g t h i s  type of surgery have found 
that  patients are becoming more sophisticated and have read s tor ies  particu- 
l a r l y  about hip replacements. They are aware of the existence of clean 
room f a c i l i t i e s ,  and many ask about them. It i s  our belief that  the en- 
vironment can only be impruved by using such a system and we should, there- 
fore, make it available t o  our petients. There have been no adverse comments 
from patients. 

H. Studies 

During the brief  time tha t  the system has been available t o  us, 
we have performed the following studies: 

The first one is tha t  with smoke, and we just  have a small smoke 
gun, and we have used t h i s  t o  determine the effects  of turbulence, and we 
have found tha t  there i s  turbulence. We have found that  we must not allow 
obstructions between the plenum and the wound. If t h i s  i s  done, then there 
is no turbulence in the wound area; if back tables are allowed t o  be placed 
i n  front of the plenum, there i s  substantial turbulence, and there i s  a 
tendency on some t e s t s  for  the a i r  t o  r i s e  f'rom the f loor towards the wound. 

Temperature: A s  noted above, the room in which we placed our 
module has re la t ively poor a i r  conditioning. The average room temperature 
is  approximately 7 2 O ~ ,  and generally speaking, a t  l eas t  in warm weather, we 
are unable t o  lower it below that  temperature. The motors give off 14,000 
Btu per hour. In addition there are generally between s i x  and eight personnel 
i n  the outside operating room and module, and,of course, the surgical l igh ts  
also give off heat. With th i s  background i n  mind, we have found that  the 
temperature during the day does r i s e  an average of 3.9'~ over an 8-hr period. 
During rather strenuous ac t iv i t ies ,  we 60 notice some perspiration. We 
believe that  th i s  m y  be a place for  additional a i r  conditioning i n  our 
system, and it i s  certainly a consideration in insta l la t ion of t h i s  type sys- 
tem i n  existing f a c i l i t i e s .  



Humidity: We have measured the humidity i n  our room a t  35$ and 
465, and are in the process of trying t o  make the humidity mGre constantly 
approach the desired 50$ level. 

Bacterial cultures: I n i t i a l l y  we sampled a regular room during 
four t o t a l  hip procedures with a t o t a l  sampling time of 11.3 hr. We col- 
lected samples from the time the p t i e n t  was brought into  the room u n t i l  
the t h  the patient l e f t  the room. The average number of bacteria col- 
lected i n  our regular operating room was 3.9 bacteria per cubic foot of 
a i r  sampled. These were bacil la species, micrococcus, diphtheroid and 
Staphy1ococcus epidernidis. We did not collect  any Staphylococcus aureaus. 
Sampling was done with a Gelman bacterial  collector. We noted, as  others, 
that  with th2 door open our counts rose. 

In  the clean room environment we have monitored the room i n  three 
separate ways. The f i r s t  was by affixing sgar plates t o  standards a t  1-f t  
intervals i n  a ver t ica l  fashion. There were seven plates for  every standard. 
We have done th i s  on four separate occasions with  TO standards on the op- 
posite side of the wound and two standards on the same side of the wound. 
These were placed downwind of the surgeons. Total exposure time was 90 min 
on one t e s t  and 115 min on the second t e s t .  Taking in to  consideration that  
our room a i r  was moving a t  90 ftlmin, we calculated t h ~ t  we were sampling 
an approximate 784 cubic f ee t  per plate. The t o t a l  number of colonies grown 
was 15, giving approximately 0.5 colonies per 1,500 cubic feet .  A l l  of the 
bacteria were Staphylococcus epidermidis or diphtheroids. It was noted that  
there were morebacteriaon the wound side downwind where the concentraticn 
of personnel wad. We used the Gelman counter t o  sample the room in areas 
on two occasions. On one occasion we obtained a figure of 0.14 bacteria 
per cubic foot and on another occasion 0.63. Both of these were done down- 
wind; one, on the wound side where the personnel were; the other, lesser 
count, on the opposite side. O u r  l a s t  method of sampling i n  the room was 
by means of a s t e r i l e  suction tube a t  the wound s i t e  collected t o  the Gelma 
sampler. Collection time was 3.4 hr and the average count was 0.1 bacteria 
per cubic foot. 

I think these studies speak for  themselves and tha t  there has been 
a significant improvement. 

One l a s t  subject i s  part icle counts; we measured t h i s  on one occa- 
sion and i n  the hallway we got lo5; i n  the external room, 104; downwind of 
the surgeons, 102-lo4; a t  the wound, 1-lo2; and upwind, lo0. We have done 
approximately 150 operations in th i s  room; we have had no infections i n  
t h i s  2-month period; there have been 30 t o t a l  hips, but t h i s  experience is 
fa r ,  f a r  too limited t o  draw any conclusions about that .  



I should l ike  t o  summarize by saying that  it has been our impres- 
sion that  the concert of the clean room can do nothing but improve the en- 
vironment and therefore render more protection t o  the patient.  The question 
t o  be resolved i s  whether the ver t ica l  system or the horizontal system i s  
superior i n  th i s  respect. Personally, I believe that  there i s  l i t t l e  t o  
choose from i n  terms of the objectives which are desired. We have found 
that  the desiep of our roam has generally been well conceived and has re- 
quired very minimal modifications i n  existing superstructure and our tech- 
niques. 

Thank you. 



M r .  Sivinski: 

Thank you very much Dr. Nelson. 

T h a t  was the paper on the horizontal laminar f l a t ;  the next paper, 
"The Use of Total Vert ical  Laminar Flow in  Surgery," w i l l  be given by 
D r .  Charles 0. Bechtol, an orthopedic surgeon from Hollywood, California. 
D r .  Bechtol received h i s  degree i n  medicine from Stanford, did h i s  residency 
i n  orthopedic surgery st Wisconsin General Hospital, and a l so  a t  Merritt  
Hospital i n  Oakland; subsequent t o  t ha t  he became a professor of orthopedic 
surgery a t  Yale and i s  now a professor of orthopedic surgery i n  Los Angeles, 
California. "Use of Total Vert ical  Laminar Flow Systems i n  Surgerytt-- 
D r .  Bechtol. 
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Dr. Bechtol: 

The problem of  s u r g i c a l  infec t ion  has been improved g r e a t l y  i n  t h e  
past f e w  centur ies  and has gone througn many stages, such as t h e  a n t i s e p t i c  
phase, t h e  a sep t i c  phase, t h e  development of t h e  proper pr inc ip les  of sur- 
g i c a l  technique and t h e  a n t i b i o t i c  phase. me achievement of a low infec- 
t i o n  rate is an extremely complex problem and involves t h e  cooperation of a 
l a r g e  number of people. 

!he clean  mom technique may o f f e r  an addi t ional  f a c t o r  i n  the  
f i g h t  aga ins t  su rg ica l  i n f e ~ t i o ~ ~ .  It is q u i t e  evident t h a t  extensive care- 
f u l  s tudies  will be necessary t o  evaluate  and c l a r i f y  t h e  r o l e  of t h e  c lean  
mom i n  f i g h t i n g  su rg ica l  i n f e c t i ~ n .  The purpose of  t h i s  paper i s  t o  report  
t h e  experience of over 850 hr i n  a v e r t i c a l  flow c lean  room surg ica l  enclo- 
sure  and t o  state the  surgeon's point  of v i e w  on t h e  desirable design c r i -  
teria f o r  such a clean su rg ica l  enclosure. 

DESIGN C R I m  

The two major considerations i n  design of  a c lean  operat ing enclo- 
su re  are: 

1. A Class 100 unid i rec t ional  f low area i n  which t o  successful ly  
accomplish t h e  su rg ica l  procedures. 

2. An adequate sterile envelope o r  operating suit f o r  t h e  surgi-  
c a l  personnel. 

1. Size - 
An enclosure 10 by 10 f t  appears t o  be adequate f o r  almost a l l  

procedures. (Mr. Charnley 's o r i g i n a l  room was 7 f t  by 7 f t  and was 
sa t i s fac to ry  only f o r  t h e  very spec ia l ized  h ip  operation.)  Minimum height 
of t h e  c e i l i n g  i n  tine clean  area sho-ild be 7 f t  6 i n .  (The i n s t a l l a t i o n  
discussed he re  is t h a t  of a clean enclosure placed i n  an e x i s t i n g  operating 
theatre. This has t h e  advantage of being less expensive, it excludes t h e  
nonsurgical personnel, it can easily be placed i n  an establ ished opera t i rg  
room and if necessary can be disllisntled and moved t o  another area. Further  
discussions are related t o  t h i s  type of  enclosure.) 





2 . b b i  li t y  of Surgi ca l  Personnel 

l%is is pernaps t:--e most important of a l l  c r i te r ia  and here the 
clean roDm zpplicatioz differs mrkedly from industry. In icdustry it is 
possible t o  place the work and the worker in  such position tha t  t h e  flow 
of  a i r  w i l l  be i n  the proper airection and there w i l l  be no possibil i ty of 
ccntamination by reverse t u r b ~ l e ~ c e .  In the operating room t h i s  is not 
possible because the  surgem must be f ree  t o  move about the patient i n  any 
position as necessary. This particularly applies when a complication ~f 
the operation arises, when complete freedom of mobility by the  surgical 
team, t o  move about the patient and to change from one side t o  another, is 
an absolute necessity. It should be goted that th is  necessity f o r  mobility 
applies no t  only t o  the surgeon but the ent i re  team as w e l l  as instrument 
tables. 

3.  Lighting of the Clean Surgical Area 

The conventional type of lighting w i t h  i ts large overhead surgical 
l ights is  d i f f icu l t  t o  apply i n  the clean room concept because it can create 
reverse turbulence. Several small spot l igh ts  of appropriate s i ze  can solve 
t h i s  problem. Such l ights  which are freely mobile w i l l  not cause reverse 
turbulence and can give shadow free illumination. The use of fibre-optics 
may be helpfZll in illuminating a deep surgical cavity, though it must be 
remenbered that  fibre-cptics do not give shadow f r e e  illumination but a 
point source of illmifiation. 

4. Access t o  the Clean Enclosure 

The author's experience has been Kith a cleari enclosure with three 
fixed valls a d  a transparent curtain enclosure of the open end. This 
allows easy entry of the operating table and personnel. me curtain then 
excludes the anesthetist and the patient's head from the  operating area. In  
a room which is  10 ft  square additianal equipment such as portable x-ray 
machines and so for th  can have access through t h i s  open end. It is possi- 
b le  tha t  i n  some situations additional doors i n  t he  side walls would be 
w e f u l  t o  bring i n  other types of equipment and the insta l la t ion would also 
be entirely satisfactory if all four walls were lnade of transparent curtains. 

It 1s also necessary t o  have a pass-through window so that additional 
sterile surgical implements can be passed i n  as the operation progresses. 
This window should be placed at the same height as the instrument table t o  
be used i n  the room. Because of the  flow of clean air out the window, the 
lower edge of the window can be draped and used as a sterile area. 



Because of the walls of the c l e m  enclosure, comnunication is a 
l i t t l e  limited from the inside t o  the outside; however, t he  use of a small 
tap bell t o  get at tention allows the surgical team t o  transmit the i r  needs 
t o  the outside personnel. lhis is done through the pass through window. 
If teaching is to  be carried out it is  a considerable adwmtage to  have a 
public address system w i t h  the microphone under the surgeon's mask. 

I'L should not be necessary t o  have special equipnent inside the 
enclosure for zmur1icaiion ui ' Z l r ,  -iiiween members of the team. This can 
be necessary if there is a considerable amount of noise from the exhaust 
tube used by t h e  surgical personnel. 'Ihis will be discussed i n  greater  
d e t a i l  later i n  describing the s t e r i l e  envelope f o r  the surgical personnel. 
!be nci,se of the clean enclosure blowers should not be higher than the 
usual level  of a room air-conditioner . 

6. Temperature and Humidity Control 

The motors and the suacal  team generate some heat. In many 
already established operating roans, particularly if they are older, the 
air conditioning system may be m8rginal. lhis should be c m y  eval- 
uated and additional air-conditioning capacity added if necessary (the 
operating room a lso  generates considerable l i n t  and l i n t  filters should 
be added to the BEPA filter system). 

'Jbe s t e r i l e  envelope f o r  the surgical team has two important pur- 
poses; first,it should exclude the personnel of the surgical team as a 
source of contamination of the operating f ie ld .  It has been well estab- 
lished that  skin scales, dandrufY, par t ic les  of ha i r  and the exhaled breath 
of the surgical team are the greatest s o m e  c contamination i n  the oper- 
ating room. A second and equally important function of the sterile enve- 
lope i s  t o  allow the surgical team t o  operate i n  canfort and with free 
mobility. 

1. Adequate Air Exchange 

An adequate exchange of air i s  necessary f o r  the comfort of the 
surgical team. It should be part icularly noted that  i n  many orthopaedic 
operations the surgeon m y  be doing the equivalent of hard physical labor. 



The addition of an exhaust tube ( ~ i g u r e s  2 and 31, under the surgeon's mask, 
not only removes h i s  expired a i r  and removes a possible source of contamina- 
tion but affords him much greater comfort, since he i s  continuously breath- 
ing fresh air. The flow of a i r  through the exhaust tube must be a compro- 
mise between an adequate amount fo r  ventilation and an excessive amount 
which can become very noisy. Minimum flow is  about 20 cubic f ee t  per min- 
ute. Greater flows can be accommodated and are  more comfortable; however, 
a noise ievel  can easily be reached if  turbulence i s  created in  the tube. 
It should. be noted tha t  a tube about 314 in. inside diameter is  the minirmun 
t o  allow adequate flow without excessive noise. It i s  also necessary t o  
have more than adequate apertures i n  th i s  tube because as the tube sh i f t s  
it may come against the surgeon's mask or  against h i s  face and occlude some 
of these apertures. It is ideal  t o  have the apertures 3 t o  4 times the 
area of the tubes. 

2. Air Cooled Personnel Envelope 

The use of the exhaust tube under the surgeon's mask gives the 
opportunity t o  make the surgeon much more canfortable than usual by draving 
air up underneath his gown and thus, making h is  ent i re  gown air cooled. 
This can be m ~ s t  effectively accomplished if he wears a hood and some type 
of transparent face plate. 'Ibis forces a l l  the air t o  flow up under the 
gown before breathed and then exhausted through the tube. Our experience t o  
date has been t o  use a motorcyclist's "Bubble shieldn attached t o  a welder's 
head piece. This is covered by a cloth o r  paper hood, the lower portion 
of the hood being enclosed inside a paper gown. The increase i n  comfort 
t o  the surgeon, part icularly when he is working hard, is truly remarkable. 

3. Acceptable Air Noise 

An excessively high rate of airflow or  improperly designed tube 
openings can create an unpleasant hissing noise. This may be so severe 
that c o d c a t i o n  between the operating mom personnel may be very diffi- 
cult .  I know of one instance i n  which the flow of air was carried t o  such 
an excessive degree tha t  it was necessary f o r  the surgical personnel t o  
w e a r  earphones and directional micro$ones i n  order t o  c d c a t e . w i t h  one 
another within the enclosure. 

4. Ease of Communication 

The use of a complete personnel envelope, as  mentioned abcnre, does 
not interrere with communication within the operating enclosure. Bces- 
sive noise e i ther  from the filter system o r  part icularly from the  e x h r i s t  
tube will in terfere  with t h i s  ease of communication and should be avoided. 







5. Absence of ng of Face Shield 

The "motorcycle bubble mask" may fog i f  an adequate flow of a ir  i s  
not supplied by the  exhaust tube. The face  shield k i l l  a l so  fog i f  the  
surgeon does not wear a conventional surgical  mask over h i s  exhaust tube. 
In  the absence of the conventional surgical  mask, h i s  expired a i r  w i l l  not 
be deflected and the face shizld w i l l  fog unless a very high ra te  of flow 
i s  used i n  the exhaust tube. 'Phis high r a t e  of flow frequently leads t o  
excessive air  noise. With the  presently available design of hoods and 
face  shields it i s  f e l t  most sa t is factory  f o r  the surgeon t o  wear a conven- 
t iona l  surgical  mask with h i s  exhaust tube beneath the  mask. 

The preceding f ive  subjects re la ted  t o  the  comfort of the  surgeon, 
the following four i n  increasing order of efficiency and complexity, r e l a t e  
t o  h i s  exclusion from the surgical  area as a source of contamination. 

6. S t e r i l e  Personnel Envelope (not face  o r  back) 

The simplest arrangement, and t h a t  used by Mr. Charnley initially, 
i s  a conventional operating gown i n  which the  back of the  gown i s  nct  con- 
sidered s t e r i l e  and a hood covering the personnel's head and neck with the 
exception of the  face. 

7. Ste r i l e  Personnel Envelope (not back of gown) 

The addition of some type of transparent face p l a t e  allows fur ther  
exclusion of the surgical personnel and gives addit ional  safe ty  f o r  con- 
tamination from the  area of the  face and expired a i r .  The back of t he  gown 
i s  not s t e r i l e ;  however, f o r  the  usual surgical  procedure it may be an un- 
necessary refinement t o  have the  back of the  gown s t e r i l e .  

8. A Completely S t e r i l e  Personr 1 Ehvelope 

By the use of a gown which has an in tegra l  hood and is  closed dawn 
the back, it i s  possible t o  en t i re ly  enclose the surgical  personnel. This 
coupled with a transparent face p la te  which can be s t e r i l i z ed  a l l a r s  the 
en t i re  exterior  of the personnel envelope t o  be s t e r i l e .  T h i s  r a i s e s  sollie 
additional complications i n  s t e r i l i z i n g  and in gaining entrance t o  the oper- 
a t ing rocnn. There are some surgical  procedures, however, i n  whf ch t h i s  m y  
be de s i rable  . 



9. Cough and Sneeze Safety 

The sudden blast of air released by a cough o r  sneeze contains many 
infected par t i c les .  It is considered wise t o  prevent the escape of these 
par t i c les  if possible. If the surgeon does not wear 6 conventional surgicai  
mask a very high flow of air  i n  the  exhaust tube is necessary t o  give cough 
safety. This may lead t o  problems of noise l eve l  and communication. We have 
determined t h a t  cough and sneeze safety can be accomplished i f  the  surgeon 
w i l l  wear a conventional mask.since t h i s  def lec ts  the  force of the b l a s t  and 
entraps most of the sneeze or  cough par t i c les .  

,The surgical  experience of more than 850 h r  i n  the  clean operating 
room has been presented with design c r i t e r i a  which seemed desirable from 
the  standpoint of the surgeon. It is  evident t ha t  an extensive and care- 
f u l l y  coordinated period of evaluation will be necessary t o  define the 
place of the clean unidirectional enclosure as an addit ional  f a c t a r  i n  
reducing infection i n  surgical  procedures. 



M r .  Sivinski:  

Thank you very much sir. 

We have one more paper before the  coffee break. This i s  by 
D r .  Richard E. Clark, who received h i s  Bachelor of Science i n  chemical 
engineering from Princeton University, got  h i s  degree i n  medicine from 
Cornell University, Master's of Science i n  Surgery from the  University of 
Virginia,  h i s  internship and residency between 1960 and 1967 i n  general  
surgery and thoracic and cardiovascular surgery a t  the  University of 
Virginia,  Char lo t tesv i l le ,  Virginia.  From 1967 t o  1969, he was Ass is tan t  
Chief and Director of Laboratories of the Department of Thoracic and Cardi- 
ovascular Surgery a t  the National Naval Medical Center i n  Washington, D.C., 
and i n  1969 he went t o  h i s  present posi t ion,  which i s  Assis tant  Chief, 
Division of Cardiothoracic Surgery, and Director of the Surgical  Labora- 
t o r i e s  a t  Washington University and Barnes Hospital  i n  S t .  Louis, Missouri. 
The t i t l e  of h i s  paper i s  "use of Ver t i ca l  Laminar Flar Systems Over the  
Operating Field." You not ice now we have had horizontal  and v e r t i c a l  flows 
i n  general  areas; we a r e  nuw going i n t o  spec i f ic  subsystems of these and 
t h i s  one is  on the v e r t i c a l  laminar f l o w  system over the operating f i e l d .  

D r .  Richard Clark. 



USE OF A VERTICAL IAMINAR FLOW SYETm OVER THE OPERATING FIELD 

Richard E. Clark, M.D. 
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Sixteen months ago, concern over bacterial contaminatim of aper- 
ating rooms prcnnpted a culture survey. High bac*.ial counts were obtained 
and a more extensive investigation was undertaken. Prosthetic material 
handling, scrubbing, gowning, and roan cleaning techniqpes were a l l  evalu- 
ated. Regulation of the steam autoclaves and gas ster i l izers ,  and the 
aerating ~rocedures were evaluated. A l l  personnel were cultured repeatedly 
and a variety of other factors were also investigated. Settling plate and 
swab cultures were taken. High counts of Staphylococcus albus were found 
con: ' , tently in the cardiac operating rocan. The roam was closed d m  for 
3 wc-ks. In i t ia l ly  the roanwas washed three tims a day for  3 days and 
then daily t h e r e e r .  The old ch i l l  water a i r  cc-lc=. was removed, steri l ized 
and replaced, as was the conventional windm a i r  conditioner. Subsequent 
bacterial monitoring revebled a marked reduction but pereistence of 'he same 
organism. Air smpling was performed with an Andersen air  sam9ler for 10 
min. These studies revealed that prier t o  roan shut -am and intense clean- 
ing, the bacterial concentration of the a i r  withh the operating roam was 
approximately 10-15 culturable bacteria per cubic fmt  of a i r  sampled. 
!Chis is in accord with reported values of ordina.ry general surgery operating 
rocms in the c i t ies  of Philadelphia and New York. Following the cleaning 
process, bacterial counts had been reducei! t o  approximately two bacteria 
per cubic foot of air far 3-1/2 months prior t o  renovation. This was 
achieved by good housekeeping, s t r i c t  adherence t o  s te r i l e  technique and 
reducticm of the mnnber of personnel. A l l  cultures shmed persistence of 
the same organism. 

Renovatian of th i s  42-year-old operating roam wns appruved by the 
Board of Trustees of the Bmmes Hospital. Forty-sever? thousand dollars wcre 
allocated which was t o  ir.clude a l l  the ref"ur3ishing including the ventilation 
system. '=he manitoring system was excluded. Six weeks were permitted for 
reconstruction. 

Figure 1 shms the operating theater as it appeared in July 1929, 
inmrediately prior t o  its off ic ia l  opening. The operating surgeon was 
Evarts A. Graham, me of the Deans of Thoracic Surgery for nwg_y decades. 
The theater is  basically a 24 x SO area with a gallery along the east  w a l l .  
Note the opera%ing room l ight  which is  s t i l l  in use in the Barnes Hospital 
in q other operating roans. Note alsc the cil3inet bui l t  into the w a l l  
t o  contain a variety of dressings and cannisters. The doorway in tne middle 
of the picture led t o  a scrub room. The door cn the right led t o  a hallway. 
To my lmowledge there was no provision for ventilation. 

Thirty years la ter ,  that is in 1959, th i s  same operating theater 
had changed l i t t l e  ( ~ i g u r e  2). This is a view Pram the gallery section in 
1959, and i l lustrates  one of the fJrst ope3-heart procedures being performd. 
One will no! - the similarity t o  the roan i l lustrated in the 1929 slide. 





By 1969, that  is, 40 years a f t e r  the roGm was opened, no rhallges 
ilza essent ia l ly  occurri.2 excegt fo r  the a d d i t i o ~  of a single window a i r  
conditioner. 

One September 1, i970, following t3e re  At ion and instzliatiozl 
of the laminar flow system, the room appeared a s  i s  i l l u s t r a t e d  ir, Figure 
3. 

The development of t h i s  lamiqar flow sys+,em was the r e su l t  of 
c-rutiny of available ~IASA/AEC data a s  provided by Zhe Biomecical Appli-a- 
t ions Team from +he Midwest Research Ins t i tu te .  Figures 4, 5, and 6 i l l u s -  
t r a ~ e  the type of general data which I sha-  t o  my medical colleagues t o  
i l l u s t r s t c  the reiatlonships between par t i c le  s ize  and concentration, en- 
vironmental classifi:ations, and most importantly $he relat ionship between 
airborne bacteria and the t o t a l  number c.f par t ic les .  

A v e r t i c a l  versus ( ~ i g u r e  7)  a h o r i z ~ n t a l  system appeared superior 
for our purpose. There were three basic compromises made i n  the  development 
of t h i s  system. These had t o  do with the method of a i r  return,  location of 
the HEPA f i l t e r s  and the volume of airflow. 

The problem of a i r  return was consiaered and although the optimum 
i n  a ver t i ca l  ins ta l l a t ion  i s  t o  have the return through a perforated f loor  
t h i s  was not possible in t h i s  renovation because of thz th ick concrete s lab  
of the present f a c i l i t y  and the St .  Louis City Code which required a perma- 
nent conductive f loor.  Circumferential return ( ~ i g u r e  8) was next considered 
but beczuse of the many doorways and the r"ew locations available fo r  adequate 
Ilucting, the four corners were chosen. The next compromise was the matter 
of the position of the HEPA f i l t e r .  It was quickJy real ized t h a t  the most 
desirous configuration would b~ t o  place the HEPA f i l t e r  in the cei l ing.  
The f i l t e r  selected was 99.97% ef f ic ien t  fo r  par t i c les  equal t o  and greater  
than 0.3 p i n  diameter. However, the i n i t i a l  and the recurring replacement 
costs of HEPA f i l t e r s  covering the 96 sq f t  of perforated ce i l ing  were con- 
sidered excessive. It was, therefore, necessary t o  place the one large 
HEPA f i l t e r  in the venti lat ion conduit and duct the a i r  through the fa lse  
plenum and through a perforated epoxied aluminum ceil ing.  

The th i rd  compromise iavolved the r a t e  of airflow. Although 500 
t o  600 room changes per hour were recognized as necessary t o  achieve a 
Class 100 room with ac t iv i t y  i n  a t o t a l  ceiling-floor system, the cost ef- 
fectiveness of t h i s  i n  t e -as  of infection r a t e s  has not yet  been established 
for  surgical operating theaters.  On the basis of l imited work by others, 
it -xas decided tha t  100 room changes per hour would be suff ic ient .  The 
present flow r a t e  and l i nea l  veloci ty of t h i s  system are  7,300 cubic f ee t  
per minute and 1.27 f e e t  per second, respectively. The roam i s  yesstmized 
t o  0.25 in.  of water re la t ive  t o  the peripheral r o w .  The syscem contains 
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Figure 5 - A i r  Cleanliness Classes 
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Figure 6 - Relationship Between Par t i cu la te  and Micro3ial Contamin~tion 
Per Cubic Foot of Clean Air 
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three stages of disposal f i l t e r s  with e i c i a c i e s  of 30s t o  5 p , 95$ greater 
than 3 p and 99.97$ greater than 0.3 p . The temperature and humidity are 
closely r..ont.rolled t o  70 + 0   OF and 55$ + 1$, respectively. 

Figure 9 i s  a view of the a i r  handling system in the old gallery. 
Figure 10 shows a schematic of the surgery sui te  layout. The resul ts  of 
t h i s  effort  were surprisingly good. The f i r s t  thing that  was noted by a l l  
personnel was the unif~rm comfort throughout the room, Although the noise 
level  was 53 db a t  100 rc,m changes an hour, it was constant and acted as  
a murfler for sharp noises of instruments h i t t ing  the f loor or metallic s u r -  
fsces. No breeze was f e l t  by the operating team. Sweating was minimized. 
One was able t o  operate in the roan for many hours with less  fatigue than 
previously. 

After renovation two para l le l  s tud i s  were conducted. F i rs t ,  a 
part icle counting system wss ut i l ized t o  sample t o t a l  part icles in various 
places i n  the rocm and d-xrbg each case. The instrumegt ut i l ized was a 
Coulter Counter, model 130, with a Fractional count racge of 0.5-0.1 k , 
1.0 - 5.0 k ,  5.0 - 10.0 p and greater than 10 p .  

Figure 11 shows the Coulter Counter we used t o  make our par t ic le  
counts. Th i s  instrument was not available to us prior t o  renovation so no 
data are available for comparison here. The instrument was made available 
t o  us b3 the manufacturer's representative and for an extended period of 
time by the Midwest Research Inst i tute .  

Figure l2 gives the average counts and the ranges a t  100 room 
changes per hour. Durlw surgical ac t iv i ty  from 8:00 A.M. t o  4:00 P.M., 
based on 256 sampling periods, there was L range of part icles f rom 1,470 - 
14,850 part icles per cubic foot with a mean value of 9,600 t o t a l  part icles 
per cubic foot. Note that  this is in  marked contrast t o  the peripheral 
areas of t h i s  same surgical sui te  which include the anesthesia inductior? 
room, the s t e r i l i ze r  and hearf-lung machine room, the monitor room, and the 
service hallways. Note that the par t ic le  counts in  these areas ranged from 
50,000-400,000 part icles per cubic foot of a5r. 

Data were obtained from other operating rooans i n  the surgical 
suite of the Barnes Hospital. Althowb this  information is prelimhazy 
and requires much more sampling t o  k ~ t h o r i t a t i v e  and s t a t i s t i c a l l y  sig- 
nificant, the other operating rooms had a range of 11,000-150,000 part icles 
Rr cubic foot. 

The second part  of the study was 'bacterial sampling. This has 
been performed for 3-112 months prior t o  renovation and has been carried 
out continuously since renovation a t  both 25 ant 100 roam changes per hour. 







Figure 13 shows the bacterial sampling data. Six blood agar 
plates were used in  the Anderson a i r  sampler. Each run was 10 min. Three 
samples were obtained per case. The f i r s t  sample was obtajned immediately 
a f te r  completion of the median sternotomy, a standard incision for most 
grocedures. The second sample was a t  the in i t ia t ion  of cardiopulmonary 
bypass. The third sample was taken a t  the cessation of cardiopulmonary 
bypass. The f i r s t  period was chosexi, tnat  is ,  af ter  completion of the in-  
cision because th is  represented a time when the operative team was se t t led  
down and there was l i t t l e  movement i n  the operating room except for that  of 
the circulating nurses. The time frame of cardiopulmonary bypass repre- 
sented the maximal period of time that  a prosthesis would be exposed t o  
airborne bacteria i n  the operating field.  A:-1 prosthetic material and 
prosthetic valves were maintained i n  their  closed containers prior t o  use 
by the surgeon. Thus, there was no possibil i ty of contamination $ram the 
a i r  while lying on a back table. 

Results shown here i l lu s t r a t e  the fact  thaJ; following cleaning 
of the room we had an exceptionally l a w  number 0-2 bacteria per cubic foot 
prior t o  renovation. This simply i l lu s t r a t e s  what compulsive house clean- 
ing can do i n  an operating theater i n  which there vere essential ly no room 
changes per hour. Following renovation, the ventilation system was in i -  
t i a l l y  se t  a t  25 room changes per hour. One w i l l  notice here tha t  the 
bacterial concentrat' ms as  measured for 13 cases were 2.24 f 1.27 bacteria 
per cubic foot. There was no s t a t i s t i c a l  significance between pre- and post- 
renovation values a t  25 room changes per hour. Hawever, a t  100 room changes 
per hour 27 cases were monitored and the bacterial  concentration was found 
t o  be reduced t o  0.88 + 0.64 bacteria per cubic foot. Th is  i s  s t a t i s t i c a l l y  
significant compared t o  ei ther the prerenovation value or the value a t  25 
room changes an hour a t  a p value of less  than 0.01. 

F 

I n  summary, the purpose of the insta l la t ien of the laminar flow 
system was to  add a protective adjunct as an a id  toward the prevention of 
prosthetic material infections. This laminar f l a w  system has yielded high 
flow ventilation, superior cleanlicess, excellent thermal, humidity and 
noise characteristics i n  a 42-year-old operating theater.  The cost was 
$8,000 for the c ~ r c i a l l y  available components and 2,304 labor hours by 
in-house personnel. This includec a l l  the electrician,  plumbing, metal 
work, and engineering time. 

During the f i r s t  6 months a f te r  renovation, there were 159 con- 
secutive operations performed i n  t h i s  operating theater. To date there 
have been no known acquired prosthetic material infections, and but one 
superficial wound infection i n  a groin incision. We realize,  of course, 
that  a great deal more experience must be gained and a great deal more data 
analysis performed over the ensuing years t o  be able t o  make a s t a t i s - i c a l l y  
firm statement concerning the effect  of th i s  ventilation system on both wound 
and prosthetic material infections. However, we are greatly encouraged by 
early preliminary data. 

Thank you. 
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Figure l3 - Airborne Bacterial Analysis 



This is aucr last session for today, and we w i l l  have one more 
paper an an experience w i t h  a wall-less horizontal flat clean a i r  system. 
This paper w i l l  be given by Dr .  C a r l  L. IVelsoa, who received his degree in 
medicine FMIPP Indiana University, semi f his internship in L z ) ~  Angeles, 
took his orthopedic training a t  tbe Cleveland Clinic in Cleveland, Ohio. 
He took a year of special training a t  the NUfYield Orthopaedic Center a t  
the University of Oxford fn England; he is nar a aember of the staff a t  the 
Cleveland Clinic, d his title is Associate Professor of Orthopedic Surgery. 
He has had cmly a c c q l e  ofweeks to get this paper ready; it was a last- 
minute type affair, and we do apologize for putting him on a spot l i k e  this. 
I guess, probably, if he bad it all t o  do uver m, right nar he would 
have said, "Hell, no," but we are very happy to have gcw, Dr. &ban, and 
we appreciate ywr efforts i n  tbe very short preparation tiPPe period we 
8 m  Yau* 

Dr. Carl L. laelson. 
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The Cleveland C l i n i c  Fomdation 

C l e v e l a n d ,  Ohio 



D r .  Nelson: 

Mr. Cha-, ladies and gentlemzn, 2 week8 ago Dr. Castles phomd 
and a s h d  nre to speak about the clean air system. I said I would have dif- 
ficulty prerer;t.ipg scientific data at such short notice, but I would be ghd 
t o  crime. IEe said, "don't worry, just te l l  us wbat you are doing and what you 
have done." I would not accuse Dr. Castles of misrepresentation, but more of 
dennvrnahip. I am nmided of the aphorism that the difference between mt3e 
and rapture is salesnmnship. 

Clean air is of crvlann interest and it bas stimulated the ecologist, 
the scientist, and nuw the surgeon t o  l w k  into the concept. Heedless to sag 
ango~he prho has been to C l e v e W  recently can appreciate e ~ y  concern w i t h  
clesn air in the c i ty  as w e l l  as in  the surgical suite. Clean air impl.Les 
unclean air, and as  we have seen todag, there certsinly is unclean air. There 
is also an emotional connotation that is attached t o  it, it seems, as much as is 
attached to arotherhood and tbe flag. One must separate fect f h m  hypothesis 
and attribute to the clean air system on- those things we  LIP^ sure of. If 
unproven features are -tically attributed to this system, it w i l l  detract 
f'rom what appears to be a logical, useful an3 beneficial adjunct in 
infection. It is our responsibility as ell as tbat of tbe mrmfacturer and 
the engineer, to evaluate tbe system, cI2arl.y dd'ine its practical use and 
~ t e ~  its proven scientific perit. 

A t  a ~ e e t i n g  such as this, it is  hoped tbrt a -re stadazd nett& 
of evaluation will evolve, slld we can better determine exactly what each of 
us is masuring, d t h n  capue accura+~ly. 'Rte problems that are f&ced 
in asp evaluation system are tbe standardization of data and the standard- 
ization of cont1mls. 

lb the e w r  clean air techmlogy eliminates coxxhaimtion, and 
the failure of the clean air system is a f a i l .  t o  elhimate conkmination 
which produces failure of fht? raission. 'Po tbe surge.cn, fail- of +& clean 
air spstem produces infection and this is a failure of our mission. A l l  
surg-wns h a d  infection and there are certain specialty groups t o  utmm in- 
fection is of wre s i g u i f i a i u t  cunseQPence. fehe o r t b p e d i c  swgean deals 
with bones slld joints rtlld has a special conern because of the propensity of 
b o ~ e  to  be- infected, and t b n  to  retain infection. 

Advances in treat* diseases of the hip by the total hip replace- 
~ n t  artlumplasty have been the s t W w  ?or a@n trying t o  reduce Wection 
ra*. Why has t h i s  one aperative procedure led t o  the utilleation of the 
clean air system? h e  of tbe wst significant reasom is thet t h  develop- 
mnt of a serious deep infection in the total hip repla-nt prosthesis 
usua,lly p-odnces a total failure, Because of the fear of such a deep hip 
infection developing, p o ~  empbesis bas been placed on eradieat- infection. 
This is better wierstood if one ca; lwrllte thrrt thfs operation usually give8 
quite good remi l t s ,  bat w i t h  an iniection, total failure usually is incumed, 



The other signiflcmt feature about the to ta l  hip replacemznt 
arthroplasty is tha t  it is one of the most sensitive indicators of wound 
infection, and is probably more sensitive than any other previously used 
operativ~ ~rocedure i n  orthopaedic surgery. This one orthopaedic procedure, 
i n  fact, wy be a more sensitive indicator of infection than most conmronly 
used laboratory bacterial testing systems. The reason t h a t  the procedure 
is such a sensitive indicator is that there is a great deal of dead space 
in  the area, and secondarily there is no living tissue in  contact with the 
prosthesis to  codat  infection. This one procedure is a delicate indicator 
of infection and fram it one may be able to  &termine significant statis- 
tical data confirming the effectiveness of the different types of clean air 
systems. 

In  discussing the clean air system, the historical background of 
infections ard attempts t o  eradicate infections should be reviewed. What 
i s  an infection? By definition tin infection is "An irnrasion of the body by 
pathogeuic microorganisms and the reaction of the tisswe to their presence, 
and t o  the toxins gex-rated by t h e m ,  often applied t o  the presence of micro- 
organism.; within tissue, whether or not this results in detectable patholog- 
ical  effects;" the last part of the definition is the key. If an infection 

n is deep and serious, tk results are obvious. b s s e r  infectionsn or con- 
tamination on a bacterial basis produces heated discussions in an attempt 
t o  define it . The lesser wund infections causing redness, swelling and 
fever, although not cl inical ly si@f%cant, m bacteriologically ~~. 
Therefore, in reviewing and ccmgmrirrg stat is t ics ,  one must be sure to define 
exactly what we are speakisg of, arrd the emphasis here is just made for that 
one purpose camf'ul amprison. It is crlso axiomatic that the number of 
infections recorded in the hospital w i l l  vary directly w i t h  the diligence 
with which they are sought out and reported; also the mmkr of minor in- 
fections wi l l  vary according t o  the impression of the observer. 

Infection is not a recent problr. in surgery. I n  1880 myniban 
stated that two-thirds of his patients die& of infection afbr he opened the 
belly. I n  US, Brewer shwed that clean operations were followed by a 399 
infection rate, Lister then proposed tk concept of antiseptic technique 
and through the application of this concept, the infection rate decreased, 
This concept led t o  the era of aseptic surgery in which preoperative &in 
cleansing was conrbined with s ter i le  scrub for the surgeon, m b e r  gloves, 
masks, steri le  drapes, s ter i le  clothing and gowns, s ter i le  instnrments, 
adequate househeping and sterilization, In orthopedics, there developed 
a procedure called fhe no-touch technique, as w e l l .  Instruments were 
placed so that only the handles could be touched by the dnds of the surgeon 
and only the working p r t i o n  of the i n s t m n t  touched the patient, H w  
effective have these procedures been in the past, and w b t  am we elqpct 
them now? The first principle tha t  one must concede in  discussing infection 
i s  that there i s  no substitute for strict adherence to standard aseptic 
surgical techniqpes. Meleny, 3n 193?5, reported that by ca;ref"ully f o 1 1 ~  



aseptic techniques and r igidly enforcing movelarant i n  the operating room, by 
carel"ully preparing the patients and being gentle with the tissues, he re- 
duced the serious wound infection ra te  from 4 to  1. ?$ and minor wound in- 
fections from 10 t o  5$. McKissick reduced the surgical infection ra te  from 
15.1 t o  1.15 by the introduction of more r ig id  aseptic techniques. Henderson, 
i n  1961, reviewing 3,290 operations, showed that  the sericus infection ra te  
could be kept t o  1 -75 ,  and Steele, i n  1966, i n  doing one of the most thorough 
pieces of detective work in the f i e l d  of wound infection, reduced the i r  in- 
fection ra te  from 5 t o  O.58$. 

A l l  had similar c r i t e r i a  for a decreased infection rate:  (1) r ig id  
enforcemnt of movement i n  the operating room, (2) careful preparation of 
the patient,  (3) gentleness of t x s u e  handling, and (4) making everyone i n  
the hospital acutely aware of the yroblem of infection. It must be emphasized 
that  i f  one new adjunct i s  added t o  reduce infection, and at the same time 
one begins t o  enforce r igidly aseptic techniques, then a decrease i n  infection 
cannot be a t t r ibated alone t o  one new adjunct. One must be careful when many 
things are changed not t o  a t t r ibu te  improvement t o  one change alone. Even 
with tht? most r ig id  enforcement techniques, there continues t o  be a signifi-  
cant infection ,-ate, and the search $or methods t o  reduce t h i s  ra te  continues. 

Fromwhere does the bacter ia l  contamination come t h a t  causes in- 
fectior,? Almost eve-ryone agrees tha t  lzfection occurs at the time of surgery. 
There is less  agreement as t o  whether the infection of bacter ia l  contamination 
i s  exogenous o r  endogenous. A single human will shed f h m  3,000 t o  50,000 
organisms per minute, depending on how recently he has showered and on the 
type of clothing that he is  weering. Blowers  have also shown that surgeons, 
by movement of t h e i r  arms and legs, w i l i  pump bacteria into  the wound. There 
is  no question tha t  i f  c-., releases part icles with attached bacteria above 
the wound, they w i l l  be deposited into the wound; even the most staunch non- 
believer of airborne contamination can agree with the concept that bacteria - 
should nct be deposited into  r;-,  open wound. 

I n  l igh t  of t h i s  knowledge what attempts have been made i n  the past 
t o  eradicate infection, md how does it effect  our present attempts with the 
clean air system? I n  tkc  e ra  of introduction of antibiotics into medicine, 
prophylactic antibiotics were used i n  an e f fo r t  t o  reduce infections. I n  
reviewing s t a t i s t i c s  on prophylactic antibiotics,  almost a l l  studies were 
made postoperatively. Stinchfield's study i.1 which antibiotics were given 
at the  tin^ of surgery shows the decrease i n  the wound infections. It i s  
probably not jus t i f ied t o  say that  antibiotics w i l l  not reduce the infection 
rate.  %?his points out that an attempt t o  reduce infection rate must be done 
scientif ically,  carefully, and with clear thinking t o  avoid t h i s  type o f  
apparent misinterpretat ion of data. 



Ultraviolet l igh t  a lso has been used i n  an attempt t o  reduce the 
infection ra te  by reducing the amount of airborne bacteria. What have been 
fhe resul ts  of the use of ultraviolet  l ight? There is  no question that  
ul t raviolet  l igh t  decreased the amount of bacter ia l  contamination i n  the 
operating room, but by using a double blind study with d q  lamps i n  one 
room, it was shown that. tke infection route was almost identical  whether 
there was ultraviols5 l i q h ~  on o r  not. By removing bacteria from the a i r ,  
it has been shown i n  instance that it has not made a significant dif-  
ference in the irif..c-lorl rate. Therefore, in  looking at data one must be 
careful not t o  ;tate w h a t  is  logical,  but what is factual.  

With these two somwhat negative studies i n  the past and other 
pooz attempts at  reducing infe2tion, i s  there any just if ication for  *her 
study, and is there any jus i f ica t ion  for  believing that  the clean air sys- 3 tem i s  of value? A l a e i e r  quotes the estimated s t a t i s t i c s  for  1967. 
Approxbately 31,620,000 people were admitted t o  hospitals of whom 18,000,000 
underwent surgical procedures. It i s  estimsted tha t  7-45 or  1,300,000 of 
these people became infected. It was further calculated tha t  wound infec- 
t ions cost on an averagc of $7,000. If you take 7,000 t-s 1.4 million 
you come up with the staggering figure of over 9 b i l l ion  dollars fo r  wound 
infection. Although t~ais is a significant monetcuy figure, only the i n d i -  
vidual and the surgeon can t ru ly  understand the suffering, the disabi l i ty ,  
and the deformity tha t  occur with infection. With an average estimate of 
$7,000 per wound infection, there is no question tha t  t h i s  alone by monetary 
standards just i f ies  any rational  attempt t o  reduce wound infection. 

There are  a lso other studies available, such as that by Fo 
9 , 3 /  

which have shown a significant decrease in the number of organisms collected 
at the wo* s i t e  in a clean air system. H i s  studies showed an almost ten- 
fold decrease in bacter ia l  contamination at  the wound s i t e  i n  comparison t o  
that in a room with a laminar airflow system on, and one with it off.  

We know then that  there can be a decrease i n  bacter ia l  contamina- 
t ion  by the use of a clean air system. Is there any practical  proof that it 
w i l l  decrease infection rate? Charnley's s t a t i s t i c s  have shown that with 
increased flow he reduced the infection rate f r o m  8.9 t o  1.3s. There i s  no 

I/ Altemeir, W. A., Levenson, S.: Trauma Workshop. Report: Infection, 
- 

immunolagy, gnopobiosis. J, of Trauma, 10: 1084-1086. 
Fox, D.G., and Maitland, B.: Contamination levels i n  a laminar flow 

operating room. J. b r .  Med. Assoc. 42: 108-112, June 1968. 
5/ Fox, D.G. : A st-ldy of the application of 3-aminar flow venti lat ion t o  

ooera5ing - rooms. Public Health Monograph No. 78 (PHS Publication 
No. 1894) U.S . Government Printing Office, Washington D .C . , 1969. 
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question that during th i s  period he also changed his technque, changed his 
cr i te r ia  for operation, improved his technique and more rigidly enforced 
aseptic technique. Iiowever, th i s  i s  a significant drop and combined with 
the other data we know, certainly influences al l  of us t o  co:lsid?r the clean 
air system as a valuable adjunct i n  reducing hospital infections. It appears 
that just as medicine has accepted the s ter i l izat ion of instm'nts  as a 
means of preventing transmission of infection, it i s  t o  he expected that 
there w i l l  be widespread acceptance of means t o  control airborne infections 
as well. In  a l a r g e  cl inical  teaching insti tution where there i s  a great 
deal of care by residents, anesthetists, and visitors, there must be an 
effort  made to  reduce the amount of airborne infection. Consequently, this 
led us t o  adopt a horizontal wall-less airflow clean a i r  system as an adjunct 
i n  an attempt t o  reduce the infection rate. We then lookc 1 a t  the clean air 
systems on four points : efficiency, versati l i ty,  ease of inste~llation and 
economy. 

The clean a i r  system we selected i s  a well-less horizontal model 
consisting of two parts: ' a self-contained blower f i l t e r  system projecting a 
horizontal laminar f l o w  of Class-100 air, and a vacuum aspirator system 
f o r  the surgeon. The b l m r  mdule placed at one end of the operating 
theater propels a flow of clean air across the room. On each la te ra l  edse 
of the module is  a projector vane. This is  an engineering device which 
eradicates backflow around the edge and projects a flow of clean air out- 
ward; it produces a curtain of air over the wound s i t e  i t se l f .  

I n  a standard operating theater air change is a fa-m of dilution, 
i n  which both air asd particles flow through the room evenly and are diluted 
into the system. With th i s  type of system the air enters the ceiling, is 
diluted and passes out through t .Fs lower portion. 

The horizontal laminar flow system sends airflow i n  one direction. 
I n  th is  manner, particles are removed f ro s  the worksite of the operating area. 
This system produces 200 changes per h r  in the room i n  comparison t o  the 
standard operating room which has approximately 12 changes. These 200 
changes are fo r  the entire room, D u r i n g  the process, however, t~lu; are 
549 changes per hr directly over the work area. The a i r  produced is 
lihened t o  a piston of air that  i s  forced across the room sweeping those 
particles, shed by the surgeon and the staff, away from them and -across the 
room. The air then strikes the opposite wa l l ,  turns, returns laterally,  
flows along the w a l l  and enters the ~ystem at its side. The high efficiency 
m i c u l a t e  air f i l t e r  l i e s  within the front part of the machine behind the 
perforated nretal cover. The f l l t e r  needs t o  be checked periodically and 
c 2 w e d  approxivately every 2 t o  5 years. It is made of fiber glass and is  
99.97% effective i n  m v i q  m i c u l a t e  matter and attached bacteria snd 
viruses. A pre-fi l ter area on the l a te ra l  side also has a f i l t e r ,  which 
must be removed, washed and replaced monthly. The sucCi-on apparatus attaches 



t o  t h e  sl?rgeonts mask next to  his cheek, and then attaches t o  the mnanifold. 
The manifold attaches t o  the machine i t s e l f  and the purpose of t h i s  appara- 
tus i s  t o  vacuum away particulate matter from the mouth area. 

This apparatus can be insta l led easily and quickly. It does not 
interfere with the lighting system and x-rays can be taken with ease. The 
use of x-ray i n  the t o t a l  hip replacement arthroplasty i s  unusual. However, 
i n  one instance, x-rays were necessary for  a. case of "marble bone disease" 
(osteopetrosis). It was necessary and i ts  use was easi ly  fac i l i ta ted  by the 
sytem. 

To emphasize the other things ve do, we also us2 prophylactic 
antibiotics;  we give a therapeutic prophylactic dose of antibiotics to  the 
patient the night before, during and a f t e r  surgery, We tred;t for  one 
specific organism; Staphylococcus aureus, and we use Oxycillin. Secondarily, 
all patients are carefully prepared for  surgery. We use the double glare 
technique, as we and marv others have found one pair  of gloves r i p  rather 
easily. Outside the operating theater we have th is  gentle reminder--"DO Not 
Enter This Room. ?I 

The following, Fi,-ures 1 and 2, demonstrate the magnitude of the 
exposure for the t o t a l  hip replacement arthroplasty. The types of instru- 
ments used i n  t h i s  procedure certainly produce great a i r  turbulence and the 
ac t iv i ty  of the surgeon i s  signtficant.  Because of t h i s  act ivi ty  questions 
are sometimes asked regarding the use of the mask and the suction tubing. 
We find that  the suction apparatus attached t o  the manifold has a pleasant 
and cooling effect  and i s  not an impediment t o  the surgeon. Occasionally 
there is  some i r r i t a t i o n  from the appara.tus a t  the cheek, and also a twist- 
ing can occur. I think, hawever, there w i l l  be significant advances i n  the 
engineering of t h i s  apparatus i n  the near future. 

What has been our impression i n  using i t ?  F i r s t  of all ,  we f e e l  
the use of t h i s  system is  logical,  economin&y feasible end effective. I 
do not have s t a t i s t i c a l l y  significant data t o  present t c  .,mu today, but our 
plate le t  count direct ly  in front of the module has shown that the air  i s  
essential ly s te r i le .  That is, there is a definite production of Class-100 
air. Over the wowd s i t e  we haw a significant drop i n  bacter ia l  conta,mina- 
t i c n  c~mpa.red with the non-clean alr rooms. There i s  a significant increase 
cf b a c t e r i d  count in  the ire& of anesthesia and we interpret  t h i s  as flow 
of paY,iculate matter int3 th i s  area. The system described i s  versatile.  
We h v e  lot had to  adtust our l i g h t i w  system, we have only minimally 
?hanged the air  conditioning system, a-~d there i s  very l i t t l e  noise. One 
can speak normally with xhr system i n  operation, and noise produced by the 
module i s  not Asturbing. T)-- system i s  safe and is  u e d  as an adjunct t o  
r e d ~ c e  infection. Thn maintenance and care for  t h i s  apparatus is adequate 
and the overall cost for the apparatus i s  less  than $10,000. 





What is  our overal l  r e su l t  and what does it mean? Presently, 
we do not have anyone who wishes t o  do half of h i s  cases i n  the nonlaminar 
airflow system and the  other i n  a laminar airflow system. Also get t ing 
surgeons t o  discuss t h e i r  infect ion ra te  has been likened t o  discussing 
chas t i ty  with a group of young ladies.  There may be those who have had 
the experience that is  valuable t o  know, but it i s  d i f f i c u l t  t o  get  an 
unemotional accurate evaluation. In  over 350 cha rn l ey - f i l e r  t o t a l  hip 
replacement azthroplasties,  we have had no immediate wound infection. We 
have had two which occurred so= time a f t e r  the procedure, both w i t h  ex- 
tenuat ing circumstances ; one pat ient  who had pneumonia, was re  ce ivirg 
Cortisone, and then developed hip pain; and the other pat ient  had a 
secondtwy wound at the hip. 

Our impression has been tha t  t h i s  apparatus i s  a valuable adjunct. 
We have no sc i en t i f i c  da,ta t o  prove tha t  it reduces infection, but the con- 
cept i s  logical  and t h i s  type of apparatus operates e f f i c i en t ly  and effec- 
t ively. 



M r .  Sivinski: 

O u r  next speaker as l i s t e d  on the schedule, D r .  Amstutz, w i l l  r o t  
be hme today. He w i l l  be here tomorraw for  the panel, but he jus t  could 
not get back from Spain i n  time t o  make it today, Instead, one of h i s  co- 
workers w i l l  be presenting a paper which hss a l i t t l e  b i t  d i f ferent  t i t l e ;  
it i s  called, "Improving the Environment of the Operating Room." This is  
a sumnary paper, by D r .  Harry Buchberg f'rom UCIA. He i s  Professor of En- 
gineering and Applied Science a t  UCLA; he i s  a registered professional en- 
gineer i n  the s t a t e  of California; i n  1970 \e was appointed chairman of a 
Steering Committee on Biosngineering a t  the School of Engineering arid Ap- 
pl izd  Science. I v i s i t ed  there Ibbt year, and they hr.ve a very good program 
going between the medical school and the engineering school which I think 
i s  a model program tha t  many more schools ought t o  copy. He i s  chairing 
tha t  par t icular  committee now; he was a member fropi 1966 t o  1969 on the 
Cnmnittee on Basic Research of the National Research Council of the National 
Acefiemy of Science, and has numerous other papers m d  publications which he 
has done i n  the area of environmental control problems. 

"Improving the Environment of the Operating Roomn--Harry Buchberg. 
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Profess -r Buchberg: 

Mr. Chairmac, ladies dnd gentlemen, it i s  a r e a l  privilege t o  have 
been iuvited t o  review with you mthods for improving the a i r  environment of 
the operating rom. 

I would also l ike  t o  express my regrets that  D r .  Amstutz was not 
able t o  come today. He has been detained in Chicago attending an Executive 
Conmittee meeting of the Academy of Orthopedic Surgeons. He has consented 
t o  make h is  remarks prior t o  the Forum tomorrow morning. 

It i s  particularly d i f f i cu l t  t o  be the l a s t  speaker a f t e r  so many 
fine plesentations and I know that  I am going t o  repeat many things tha t  
other people have already said; t h i s  is  inevitable. I thought it might be 
usef-cl in my presentation t o  simplv s ta te  the problem of the a i r  environ- 
men% in operating roams and then t o  describe tine various improvements that  
hare k e n  proposed, t r i e d  and in sum ~ 2 ~ 5 s  analyzed, Finally, a discussion 
of metnods for  the evalmtion of the effectiveness and the optirmun u t i l iza-  
t ion of these systems might be useful, 

The present concern with +he operating roam environment stems 
froan a desire to  reduce the number of post-cperative infecticns. There ap- 
pears to be angle evidsnce recorded by H W ~  in 1958 ; Blowers, e t  a l .  ,g 
in 1960; Greene, e t  a l . 8  in 1962; Burke&/ i n  1963; F ' r a s e d  in 1963; 

Howe, C. W., "Staphylococcal Disease on Surgical Services,' Proceedings 
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(1958), F. 75. 

1/ Blwers, R., and B. Crew, "Ventilation of Operating Theaters," 3. of 
Hy~iene, Cambridge, Vol. 58, No, 427 (1960), pp. 427-448, Blowers, R., 

1 m d  D. K. Wallace, 'Venti lat im of Operating Ronms-E3acteriological 
~nvestigations," American Journrl of Public Health, Vol. 50, No. 4 
(April 1960), pp. 484-490. 

11 Greene, 1;. W., D. Vesley, R. O. Bond, and G. S. Michaelsen, Microbio- 
logical Ccnknination of Hospital A i r , "  A-lied Microbiology, Vol. la  
(1962), pp. 188-189. 

Burke, J. F., "Identification of the Sources of S t a p ~ i o c o c c i  Contami- 
nating the S-xrgical Wound During Operation," Ann. Surg., VoL 158 (1963), 
FP. 898-904. 
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Final Report imder Contract PH-43-63-503, Environmental Sciences Branch, 
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Maryland ( ~ u g u s t  29, 1963) . 



Nahmias, e t  a l . , y  in 1960; Walter, et, a l . , d  in  1963; Whitcomb, e t  a l . , u  
in 1965; Ch-ley, e t  al.,&/ i n  1969; and D r .  11irich th is  morning and pre- 
viously, that viable airborne particles, i.e., droplet nuclei and dust-car- 
rykg bacterial organisms i n  the 1 t o  20 p TQzsge may account for a signifi-  
cant number of infections. There seems to  be l i t t l e  doubt that potentially 
pathogenic organisms can be and are transported by tihe a i r  environment. 
The exact route of entry t o  a surgical patient i s  very seldom h a w n ;  sedi- 
mentation on items that eventually contact the patient or sedimentation 
directly on the wound s i t e  are possible routes. From a quantitative stand- 
poini. there is  stil l  considerable skepticism among s- physicians and l i f e  
scientists as t o  the significance of the a i r  environment in post-oplrative 
infections when adequate acceptable aseptic procedures are followed in the 
surgery. I am not in  a position t o  cninncznt authoritatively on this issue. 
It appears clear that additional research is needed to  pinpoint the role of 
the a i r  erwironmnt i n  the infection process. Defhitive animal experiments 
could be useftil in dealing with the problem. 

Viable particles found in the a i r  envir-nt of the surgery nay 
be brought in  through inf i l t rat ion and ventilation, and may be the resul t  
of sources within the space, primarily peaple and objects brought in. It 
i s  well k n m  that  actual particle counts are very sensitive t o  personnel 
act ivi ty in the space, r ising sharply during periods of high activity and 
dropping t o  lcw levels when act ivi ty ceases. Studies have indicated that 
frm 1,500 t o  50,000 viable g3-rticles pzr minute may be shed f r o m  personnel, 
depending upon the individual, upon the degree of activity, and the type of 
gowning. 

The requirements for a nearly s te r i l e  envircnmmt in the operating 
room are: a s t e r i l e  air supply,best achieved, I believe, by f i l t ra t ion;  
e l iminat io~ of i n f i l t r a t i ~ n  of contaminated a i r ;  proper aseptic techniques 
in the ha~dling; of materials, instrumnts, and personnel caverings; isolation 
of c r i t i c a l  space f roan  less c r i t i c a l  areas; adequate purging of the c r i t i c a l  
space around the surgical wound through suf'ficient a i r  mov-t, maintaining 
flow patterns free frm large-scale recirculating vortices; proper location 
of operating ta3le and equipent; and an act ivi ty plan that maximizes the 
continuous purging of the space in the vicinity of the surgical s i te .  

Nahmias, A. J., J. T. Godwin, E. L. Updyke, and W. A. Hopkins, "post- 
surgical Staphylococcic Infections, " 3.A .M.A. , Vol. 174 ( 1960)~ pp. 
1269-1275. 

1/ Walter, W. C., R. B. Kundsin, and M. M. Brubaker , "The Incidence of A i r -  
borne Wound Infection During Operation,'' J.A.M.A., VdL. 186 ( 1963), 
pp. 908-913. 

Whitcomb, J. G., e t  al., "Ultra Clean Opexating Rooms," Lovelace Clinic 
Rev. VoL 2 (1965), p. 65. 
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Charnley, J., and N. Ef'tekhar, "Penetration of C m  Material by 6rganisms 
from the Surgeon's Body," The Zancet (~anuary 25, 1969), pp. 172-174. 



Sefore proceeding with a discussion of possible improvemenfs i n  
the ventilation of operating Foams over conventional systems l e t  us f i r s t  
describe the base l ine  or reference. The conventional system w i l l  be con- 
sidered t o  be a ceiling diffuser systemwith an "air  cha-nge rate" c.f 5 t o  15 
changes per hour and no recirculation. Alternative approaches t o  achieve 
improvements over conventional systems may be given as  follows: 

A first-order improvement aver a conventional system; that  i s ,  
a modifiez dilution-purging system, can oe achieved with i n l e t  ceiling dif-  
f'users t o  achieve approximately 25 a i r  changes per hour and r e c i r ~ u l a t i o n  
through medim- or high-efficiency a i r  f i l t e r s ;  or through perforat3d cei l -  
ing i n l e t s  with a t  1ea::t. 25 a i r  changes per hour and recirculation through 
medium- or high-efficiency a i r  f i l t e r s .  

A second-order improvement over conventional systems, again a 
modified dilution-purging system, can be achieved with a perforated ceil ing 
91-enum with ver t ica l  a i r  curtain partitioning and recirculation through high- 
efficiency a i r  f i l t e r s .  

A third-order improvement over conventional systems tha t  I w i l l  
refer  t o  as unidizectir ?a1 purging can be achieved with a ceil ing f i l t e r  
bank i n l e t  giving a 70 LO 100 ftlminute ver t ica l  paral le l  airflow pattern 
with recircul-stion t'nrough the high-efficiency f i l t e r s ,  or by i n l e t  w a l l  
f i l t e r  banks giving a 90 t o  120 ftlmin horizontal para l le l  airflow pattern 
with recirculation through high-efficiency filters. 

It is obvious from the presentations tha t  have already been made 
that  there are many perturbations on the basic systems described which are 
possible, depending upcln the detai ls  of partitioning, location of return 
registers,  manner of entry and recirculatioa, etc. Quality control, main- 
tenance and the minimization of extraneous detrimental effects  are  important 
factors. 

With respect t o  evaluation of systems, I believe that  basically 
there are five facets of evalmtion. There i s  the proof +%sting for quality 
c ~ n t r o l ,  f l o w  pattern visualization, biological assay, identif ication of 
detrimental extraneous effects,  and c l in ica l  experience. 

To meet 0 ~ 2 r a t i n g  roam requirements, the essent ia l  prformance 
t e s t s  are to deterdne whether release of a contaminant in any location w i l l  
subsequently contaminate fne c r i t i c a l  region around the surgical s i t e  or 
sediment on zny surface that  might communicate direct ly  or indirectiy with 
the surgical s i t e ,  and t o  determine the purge time i n  the region of the 
surgical wound. It seems t o  me that th i s  is' the only way tha t  you can rea l ly  
determine effxt iveness  short @f the long-term controlled c l in ica l  study. 



Next I would l ike  t o  elaborate a b i t  on the various alternate 
approaches referred t o  previously, b ~ t  first a few comments about the con- 
ventional ceil ing diffuser system are in order. The in le t  ceil ing diffuser 
systems with low w a l l  ex i t s  generally resul t  i n  random turbulent airflow 
patterns, depending on the location of in le t s  and outlets ,  and on i n l e t  a i r  
temperature and w a l l  and floor temperatures. Unstabie, unpredictable flow 
patterns resul t .  Under working conditions with surgery l ights  on, the f l o w  
i s  generally upward over the operating table, forming vortices that  vry per- 
m i t  contaminated a i r  several sweeps over the table before being purged t o  
the outlets.  Several vortex zones of t h i s  nature may te established i n  the 
room, depending on many detai ls ,  i n l e t  and outlet  locations, and location 
of heat sources, and w a l l ,  f loor, and i n l e t  a i r  temperatures. I f  uniform 
;nixing could actually be established with a conventional distribution system, 
the best achievable resul t  would be dilution puging of locally prcduced a i r -  
borne contamination and recirculation through adequate f i l t e r s  . 

For a given size room, number of a i r  changes per hour, number of 
viable nart icles released per minute, and f i l t e r  effectiveness, one can ac- 
curately predict the number of part icles per unit volume i n  the room a t  any 
instant.  The only trouble is,  that  uniform mixing is  never achieved. 

The first-order hpravement which I referred t o  previously was t o  
spread t.he k l e t  over a larger ceil ing are8 and modestly increase the a i r  
changes to,  say, 25 changes per hour with recirculation through f i l t e r s ,  with 
the objective t o  achieve a downward displacement system. Flow patterns i n  
th i s  si tuation are gwerned meinly by temperature gradients. Stanley, e t  a l .  ,g 
(1964), through various experiments, found that  a i r  change ra tes  from 8 t o  
about 25 had minimal effect  on the flow pattern. I f  the zir supply i s  a 
cool a i r  supply, tha t  is ,  if the temperatures near the ceil ing are less  than 
the temperatures near the floor, there resul ts  an upward streaming a t  the 
walls m d  general C,urbulence in the room as  s h ~ m  in Figure 1. With a warm 
a i r  supply, that  i s ,  a tmperature difference of as  l i t t l e  as 2 O  for  %he se i l -  
ing temperature abwe the floor temperature, a rather stable a i r  pattern re- 
sulted with streaming down walls and horizontal s t r ia t ions  through the center, 
implying a very slow downward movement as shown i n  Figure 2. F9r the random 
turbulence case, with the cool a i r  supply, dispersion of the bacteria-carry- 
ing part icles i s  completely unpredictable. For the re la t ively stable case, 
with a warm a i r  supply, the larger part icles have a maximum opportunity t o  
se t t l e  and a minimum chance a t  dispersal. The small part icles w i l l  follow 
the horii;ontal s t r ia t ions .  Purging rates  are law. 

- 

' Stanley, E. E., D. N. Shorter, and P. J. Cousins, "A Laboratory Study 
af the Downward Displacement System of Ventilation in  Operating 
Theatres, " The Heating and Ventilating Research Assoc., Laboratory 
Report No. 19 (March 1964). 



[After Stanley et.01. (1964)] 
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Figure 2 



To improve the purging ra tes ,  experiments were conducted with 
ex i t s  relocated d i rec t ly  'belaw the center of the perforated cei l ing.  The 
f l o w  pat terns a re  shown i n  Figure 3. Here you see the formation of a stag- 
nant region a t  the center above the table  and vort ices i n  the corners. When 
heat sources, t ha t  is, people and l igh t s ,  a re  superimposed on the s tabi l ized 
f low,  the flaw pattern changes markedly as shuwn i n  Figure 4, where airflow 
is  directei! upward i n  the center with la.rge circulatil lg vort ices on e i ther  
side. This permits contamination t o  be swept up from the lower region. 

[ ~ f t e r  Stanley et a l .  (1964)] 
k a a a . a a a a . 

Center Ceiling inlet ond 
Center Floor Return 

Figure 3 

Low Velocity-Distributed Ceiling Inlet 
With Thermal Field 

Figure 4 



Tile second-order improvement i s  t o  increase the a i r  changes per 
hour over a l imited c r i t i c a l  region, retaining the distr ibuted cei l ing i n l e t  
and recirculat ion through f i l t e r s .  The c r i t i c a l  region may be part i t ioned 
by means of a i r  curtains or flat-diverging a i r  j e t s .  Figure 5 i l l u s t r a t e s  
the 5)pe of s tabi l ized flow pattern sought, with approximately 100 a i r  
changes per hour; center a i r  veloci t ies  a t  the 4-ft  level  are about 25-30 
ft/min, while the curtain a i r  veloci ty goes from approximately 80 ft/mj.n a t  
the issue s l o t  t o  about 30 ft/min near the f loor .  When the thermal f i e l d  
i s  superimposed on the s tabi l ized flaw pattern,  mixing takes place, and 
purging depends essent ia l ly  on di lu t ion;  therefore, the primary improvement 
i n  t h i s  case i s  due t o  an increase i n  the a i r  change r a t e  of about a fac tor  
of four over a l imited region of s p c e .  

Ideal Air Flow Patterns with 
Air Curtain Partitioning 

'me tl,ird-order improvement consists of the establishment of par- 
a l l e l  or unidirectional f l o w  ( t h a t  we talked so much about today) t ha t  ccn- 
tinuously purges the c r i t i c a l  space of local ly  generated contamination, using 
an essent ia l ly  s t e r i l e  air supply. From a technical point o f  view, the use 
of the expression "laminar flow:' t o  describe t h i s  concept i s  incorrect.  The 
meaning actual ly intended is  stable pa ra l l e l  flow with small -scale turbulence 
only, superimposed on the main flow direction. The actual  dispersion of 
viable p i r t i c l e s  geiierated a t  a point can be predicted a s  a function of 
d i s t a n ~ e  downstream i f  the small scale of turbulence i s  known. An in te res t -  
ing factor  is tha t  the degree of small-scale turbulence present i s  influenced 
signif icantly by conditions upstream from the point of entry i n to  the roan. 
Suffice it t o  say tha t  with stable pa ra l l e l  flow, continuous purging of a 
space is  possible without the depen2ence on d i l ~ i t i s n .  



This i s  not accomplished without penalty, however. A i r  v e l o c i t i e s  
of the  order of 90 ft/min a re  required,  and i f  we estimate the r e s u l t i n g  
number of a i r  changes, say, f o r  a  9- f t  ce i l ing ,  we ge t  about 600 changes per 
hour, which i s  a  considerable flcw r a t e  and requires  considerable energy. 

Now, a s  you have seen previously, severa l  d i f f e r e n t  p a r a l l e l  f l o w  
concepts a r e  possible.  I am not going t o  burden you with s l i d e s  which I 
brought t h a t  a re  s imi lar  t o  some t h a t  you have seen today. Possible con- 
f igura t ions  include the  d m f l o w  system with p l a s t i c  cu r t a in  par t i t ioning;  
the horizontal  f l o w  room; the  horizontal  f l o w  tunnel  where the c r i t i c a l  
space i s  pa r t i t ioned  off with one end open, and of course you saw another 
i t e r a t i o n  of t h a t  today where ac tua l ly  two small vanes were used instead of 
f u l l  p a r t i t i o n s .  Suff ice it t o  say t h a t  it i s  ra the r  obvious t h a t  d i f f e ren t  
p a r a l l e l  f l o w  adaptations 50 the surgery a re  possible ,  depending upon the 
choice of downflow or horizontal  flow, of the  method of par t i t ioning ,  of 
the loca t ion  of r e tu rn  col lec tors ,  and the  i n l e t  design. There is  no simple 
ru le  of thumb t o  be used i n  the i d e x t i f i e a t i o n  of the best  system. It. i s  
wel l  t o  keep i n  mind t h a t  the  e s ~ e n t i a l  requirements f o r  airflow cont ro l  a r e ,  
presentat ion of a i r  f r e e  from viable  p a r t i c l e s ,  prevention of t ranspor t  of 
in-house contaminants i n t o  the c r i t i c a l  space around the su rg ica l  s i t e  or  
sedimentation on any surface t h a t  might eventually contact the surg ica l  wound, 
and f i n a l l y  adequate purgir-g of the c r i t i c a l  space i n  the v i c i n i t y  of the 
surg ica l  s i t e .  

A s  I s a i d  previously, and I th ink  I should repeat ,  the evaluation 
of any system must include proof t e s t i n g  f o r  quali%y control ,  determination 
of ac tua l  f l o w  p a t t e n s  and dispersion cha rac te r i s t i c s ,  i den t i f i ca t ion  of 
detrimental  e x t r m e m s  e f f e c t s  including: loca t ion  of equipment, draping 
pract ice,  operating t ab le  or ien ta t ion ,  a c t i v i t y  pa t t e rns ,  locat ions of heat 
sources, and f i n a l l y  b io logica l  assay c o u ~ l s d  with c l i n i c a l  experience. 

I n  the matter of proof t e s t i n g ,  we a r e  in te res ted  i n  detect ing 
f i l t e r  pinholes, f a i l u r e  ~f media s e a l s  or gasket sea l s ,  and i n  making proper 
damper adjwJments t o  achieve required a i r  v e l o c i t i e s  and d i s t r ibu t ion .  
Iden t i f i ca t ion  of extraneous e f f e c t s  i s  p a r t i c u l a r l y  important because the 
presence of any object ,  personnel o r  heat  source i n  the space may change the 
airf low pat te rns  very s igni f icant ly .  A considerable amount of use fu l  informa- 
t ion  i n  t h i s  phase can be obtained with simply a p a r t i c l e  photometer, a  smoke 
source and an appropriate anemometer. C l in ica l  experience, of course, i s  
the f i n a l  proof of the  whole system and procedure. 

I do not  th ink  I can s t r e s s  more emphatically the f a c t  t h a t  there 
i s  no r e a l  panacea. There a,re many possible systems, and the  problem r e a l l y  
i s  how t o  evaluate these. HLW do we determine the effect iveness  of the  sys- 
tem, or the extent  t o  which our a i r f low system permits penetrat ion of in-  
house c o n t m i n a t i o n , p r ~ d ~ ~ e d  i n  some part of the  space from penetrat ing the 



c r i t i c a l  region around the  surg ica l  s i t e  and perhaps sedimenting on the 
surg ica l  wound? How do we measure the  purge r a t e ?  The purging of contami- 
nat ion t h a t  i s  generated within t h i s  c r i t i c a l  region i s  another impo-tant 
function of the  clean a i r  system. It seems t o  me t h a t  what i s  needed a t  
t h i s  point  i s  the developnent of some standardized procedures o r  measure- 
ments t h a t  w i l l  he lp  people t o  u t i l i z e  t h e i r  new clean rooms with the  
g rea tes t  effect iveness  by determining how t o  s e t  up t h e i r  procedures, how 
t o  cont ro l  movement pa t te rns ,  where t o  place fu rn i tu re  and equipment. 

Many thanks f o r  the opportunity t o  discuss the matter of improving 
the a i r  environment of operating rooms. 

M r .  Post: 
( Moore -Hanks Company, Los ~ n g e l e s )  

I wanted t o  ask what is  laminar flow and how does it d i f f e r  from 
the  three  or four  things t h a t  were discussed e a r l i e r ?  

Professor Buchberg: 

Laminar f l o w  i s  sa id  ts e x i s t  when adjacent layers  of the f l u i d  
remain p a r a l l e l .  I f  we were able  t o  follow the  motion of a t r a c e r  substance 
released i n  the f l u i d  we would observe motion i n  the  same d i rec t ion  as the 
fluid with no v i s i b l e  dispersion (excepting molecular d i f fus ion) .  In  other 
words, there  would be no ve loc i ty  component perpendicular t o  the  d i rec t ion  
of flow. I n  a l l  "laminar flow" clean room systems there  i s  present a smzll 
sca le  of turbulence, i . e . ,  a l o w  ve loc i ty  f luc tua t ion  superimposed OE the 
main d i rec t ion  of flow. Hence, small p a r t i c l e s  released a t  a point  w i l l  
s u f f e r  a ce r t a in  degree of dispersion depending upon the sca le  of turbulence 
present.  The engineering job i s  t o  reduce small scale  turbulence t o  the  
point  where it is acceptable and t o  prevent the  developent  of large sca le  
turbulence ( such a s  la rge  rec i rcu la t ing  vor t i ces )  r e s u l t i n g  from thermal 
f i e l d s ,  objects placed i n  the f l o w  f i e l d ,  movement of people, e t c .  Rapid 
recovery from t r a n s i e n t  disturbances, such as  personnel motion, i s  a l s o  an 
important requirement. Users of "laminar flow" systems must recognize these 
pr inc ip les  and seek t o  achieve the bes t  possible arrangements of equipment, 
personnel and movement t o  maximize the  effect iveness  of these systems. For 
t h i s  reason, development of good evaluation t o o l s  and measures should be given 
high p r i o r i t y .  



M r .  Post: 

With the  majority of systems t h a t  we have ta lked  about, some with 
a control led re tu rn  and some without, current  s t a t e  of the  a r t  would seem 
t o  d i c t a t e  t h a t  a f a c i l i t y  with a control led supply and control led r e t u r n  
with maximum f i l t e r  area and velocit ies--gros:  velocities--averaging a t  
100 ft lmin, t h a t  the horizontal  v e l o c i t i e s  ~ L J  a re  speaking of would be ex- 
tremely minimal, and usage from t h a t  point  on would be primarily a matter 
of d i sc ip l ine  within the  room, t h a t  i s  probably under current  s t a t e  of the  
a r t  the  best  possible place t o  s t a r t  and from there work on d i sc ip l ine  
within the  room. 

Professor Buchberg: 

Accepting the  ve loc i ty  range mentioned e a r l i e r  f o r  hor izonta l  
"laminar f l ow"  systems (90-120 f t lmin)  a s  being optimal, t h i s  w i l l  r e s u l t  
i n  a c e r t a i n  base l i n e  dispersion cha rac te r i s t i c  depending upon the sca le  
of turbulence present ( or the value of the turbulent  d i f fus ion  coe f f i c i en t  
f o r  the  p a r t i c ~ l a r  system). This base l i n e  represents  the  best  cont ro l  of 
contamination achievable. The same i s  t r u e  f o r  the v e r t i c a l  flow system. 
When objects,  people, and thermal f i e l d s  a r e  superimposed on the base i i n e  
f l o w  f i e l d  it i s  e s s e n t i a l  t h a t  r e su l t ing  undesirable e f f e c t s  be minimized. 
Yes, I believe it is  important t a  "work on d i sc ip l ine  within the room." 

I would l i k e  t o  take t h i s  opportunity t o  mention t h a t  a t  UCIA we 
a re  i n s t a l l i n g  a horizontal  unid i rec t ional  flow tunnel  system i n  one of the 
orthopedic surgeries .  O u r  hope i s  t o  be able  t o  develop some measuring tools  
t h a t  w i l l  permit us t o  use the  system most e f fec t ive ly  and perhaps r e s u l t  i n  
a reasonable standardized evaluation procedure. I th ink  t h i s  i s  needed badly. 

M r .  Goddard: 
(Consultant, Atlanta,  Georgia) 

I n  r ep ly  t o  J e r r y ' s  question there,  the hor izonta l  dispersion has 
been published on, an4 from a paper by Keith and Cawen which was work done 
i n  hor izonta l  laminar flow roam a t  Oak Ridge Laboratories i n  Tennessee, I 
think, i f  I r e c a l l  it r i g h t ,  the horizonta,l dispersion fac to r  t h a t  you men- 
t ioned could amount t o  a s  much a s  i 4  t o  16 in .  i n  a 60-in. l a t e r a l t r a n s -  
mission. So there  L s  a considerable hor izonta l  dispersion w e n  i n  your par- 
a l l e l  f l o w  s i tua t ion .  



Professor Buchberg: 

As I mentioned previously, the dispersion charhcteristics d m -  
stream of a contamination source in a uniform unidirectional flow field can 
be predicted if the turbulent diffusion characteristic D is known. For 
an instantaneous contamination source (N , number of particles), Fuchs (1964) 
gives for the resulting contamination downstream !n , particles per unit 
volume of air) the expression in rectangular coordinates, 

and for a contin~ous source (4 , particles per unit tiine, t), 

n(x,y,z) = -  EX^ - [v] 
k D x  

These expressions hold equally for vertical and horizontal flow fields as 
long as the particles follow the flow patterns. The unidirectional velocity 
is u and x , y and z are space coordinates, x being the direction of 
f lm. 

Schandler (1968) showed interesting dispersion patterns in a Class 
100 vertical flow clean room (70-90 ft/min velocities) resulting from slight 
room imbalances, interaction with lighting fixtures and faulty furniture 
placement. The dispersion of smoke released at a point was tracked by means 
of a light-scatter particle counter. Deviations from the base line were very 

11 considerable which zgain enphasizes the need for room discipline". 

Question: Why is the 100 ftlmin picked out as the figure most of 
you quoted? Why is that a critical factor? 



Professor Buchberg: 

Actually, I wcul-d l ike  D r .  Whitfield t o  answer th i s  question and 
I would urge you t o  bring i5 up again a t  the panel discussion. A velocity 
of r-bout 100 ftlmin appears t o  be a reasonable valse for well designed mi- 
directional flcw systems achieve minimum dispersion and rapid recovery 
dawnstream f"rm fim disturbances. The range of velocities generally quoted 
is the resul t  of considerable practical  experience with the systems and, 
there.:ore, I believe it would be well for  D r .  Whitfield t o  add h is  coaments. 

3r. Skeats: 
( ~ o s p i t a l  Center at  Orawe, New ~ e r s e ~ )  

I believe you said that  you are going t o  put. i n  a horizantal flow 
a t  UCM. Could you give us the reasons why you selected horizontal? 

Professor Buchberg: 

Well, let us see; cost was me. Ease of ins ta l la t ion on our partic- 
ular space was another . -d, I f e l t  that  horizontal flw presented the 
possibil i ty of mhimizing the sedimentation from sources abuve the surgical 
site, such a s  shedding Fran the upper part of the surgeons' bodies. Also 
there i s  the possibil i ty of minimizing the effect  of luminaires deployed 
frm aitixe. O u r  system has not yet been insta l led so there is no experience 
yet that  we can share with you. We h a w  tbt it w i l l  be important t o  keep 
the s p a c ~  upstrean from the surgical s i t e  Free Pan obstructions, a s  much 
as possible. 
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THE: APPLICATION OF IAMINAR AlRl?LOW TO SURGICAL OPERATING ROOMS 

John G. Whitcomb, M.D. . 
Department of Surgery 

Lovelace C l i n i c  and Foundation 
Albuquerque, New Mexico 

Dr. John Whitcmb, pioneer in the application of lami~zr airflow 
to surgical operating roans, was unable to participate in this conference. 
Dr. Whitconb kindly provided us with the following summary of his experiences. 



The effor t  and cooperation of the Sandia Corporstion, Envirco and 
the en t i re  staff of the Bataan ~Yemorial Hospital, a l l  of Albuquerque, New 
Mexico, made it possible t o  design and i n s t a l l  our f i r s t ,  ver t ical ,  laminax 
airflmr operating room [ ~ i g u r e  1). This room has been i n  continuous oper- 
at ion since 3 January 1966, and t h i s  note reports on our infection ra te  and 
c l in ica l  surveillance program in t h i s  f ac i l i ty .  

Clinical Sun-eillancc Program: For the past 54 months we have 
been recording our r a t e  of surgical wound infection and the following table 
gives these results.  

VERTICAL LMENAB now OPERATING ROOM 
(October 1966 - March 1971) 

(54 Months) 

Rocm No. Infections $ Rate 

1 (~amjnar f l o w )  3,408 27 0.79 

2 (control) 4,162 39 0.93 

3 (control) 4,091 46 1.14 

These figures are collected on a monthly basis a s  a confidential 
report form that  lists the operztions dane for  a specific month by a specific 
surgeon. The surgeon i s  asked t o  grade the operation as  a clean or contami- 
nated procedure and then t o  s t a t e  the outcome of the wound healing. Tatmla- 
t ion of these figures i s  done by the operating room secretary. Notations 
are  never entered in the pat ient ' s  c l in ica l  chart; we f e e l  that  t h i s  form of 
reporting gets the f u l l e s t  cooperation fran our surgical s ta f f .  

Horizontal Laminar Flow Operating Room: New construction has just  
been campleted a t  the Bataan Ikmorial Hospital and we are  now ready t o  put 
in to  use our first, horizontal, laminar flow operating room. It is  a large 
20 ft x 26 ft room with the f i l t e r  bank across the narrow, inner wall. The 
room w i l l  be used for orthopedic surgery canceraed with prosthetic implants 
and for  open-heart surgery. 

Figure 2 i s  a photograph of the roam taken from the entry way. 





M r .  S i v i ~ s k i :  

Good morning, ladies snd gentlemen. If you w i l l  take your seats,  
we will begin. 

We did have a lavaliere type nLcrophone here yesterday which i s  
not here today, afid the only reason it might become important is because we 
w i l l  have two speakers who w i l l  give very short talks from th i s  area th i s  
morning. 

Two of the people on the panel would l ike  t o  make a statement. 
This is how we w i l l  s t a r t  out th i s  morning. D r .  Amstutz and D r .  Lei-nbach 
have very short presentations; we w i l l  then move the panel members up onto 
the stage for  the forum. We w i l l  then address the questions which were 
given to  us yesterday and scme of those which were given t o  us t h i s  morning. 
When I asked you t o  leave the questions yesterday, you answered in  spades. 
We certainly had more questions than we can even begin t o  cope with t h i s  
morning, so what we have done--with your permission--is that  we have doled 
them out t o  the people on the panel who had some degree of competence t o  
anaver them. We t r i ed  t o  lump them into genei81c type questions and hope- 
fu l ly  each author w i l l  get a chance t o  answer a t  l e s s t  two of the generic 
type questions. By thz t i m e  we g2t around twice t o  each one of the speakers, 
we believe that  we w i l l  have answered 99.9$ of the questions, a t  least  i n  
general, that  you people b v e  asked, and if we lave edditioual time, then 
we w i l l  begin t o  go through the others i n  detai l .  We decided t h i s  was real ly  
probably the way we could most profitably spend the time th i s  morning. We 
may not necessarily use the question the way you worded it, but hopefilly 
you w i l l  see your question i n  the generic one that  the panelist is trying - 
to  answer from the group t h i s  morning. 

D r .  Amstutz is here th is  morning, and we w i l l  start out w i t h  a 
short presentation by him. D r .  Harlan C. Amstutz is the Professor i n  Chief 
cf Orthopedic Surgery of the UCIA C ~ l l e g e  of Medicine i n  Los Angeles. He 
has Just come back from a xneetinq that  has same bearing on what we are try- 
ing t o  do here and I understmd he might make a comment or two about it 
during the course of h is  t a lk  th is  ~orn ing .  

D r .  Amstutz. 



ASEPSIS AND THE OPERATING ROOM 

H. C. Amstutz, MOD. 
Professor and Chief of Orthopedic Surgery, UCIA 



D r .  Amstutz : 

Thank you very much for the introduction. I am sorry that I was 
unable t o  be here yesterday as I had wanted to  be, but I do bring greetings 
f'ran the Executive Cammittee of the Acadeqy of Orthopedic Surgeons' meeting 
i n  Chicago. I believe you have already heard from one member of aur tr ipar- 
t i t e  team a t  UCIA, Harry Buchberg. The third member of our team, Larry Jobnson, 
provides us with expertise in  infectious diseases. I probably w i l l  not be 
tel l ing you much that is  new but I might emphasize sane important aspects 
with respect t o  the operating room environment which do not require altera- 
tion of existing operating roams. 

Our interest stems frm a high infection rate  fol lwing to t a l  hip 
replacemnt which developed over a 3-year period a t  the Hospital for Special 
Surgery in New York. 

Orthopedic surgeons have been acutely aware of the disastrous ef- 
fects  which follow acute infection i n  reconstructive surgery of the joints. 
A similar awareness is  now much more in evidence because of close follow-up 
of t o t a l  hip replacements. In our first 100 McKee-Farrar to ta l  hips 
(P. D. Wilson, Jr., and author), nci followed a minimum of 2 years and a 
maximum of 4 years, there were 11 failures due t o  post-operative infec- 
tion. Only one of these manifested i t s e l f  acutely in the immediate post- 
operaiiive period while 10 were latent and developed 3 t o  23 months later .  
O f  the l a t t e r  patients, a l l  wounds had healed per primm and the patients 
were discharged routinely fol lming surgery. Pain, particularly in full 
weight-bearing situations, heralded a suspicion that some were not doing 
well while others f'unctioned normally for a time before onset of pain and 
loss of function. 

The organisms recovered were Staphylococcus epidermidis in five 
and one each of Staphylococcus aureus, - E. -- coli,  Herellea species with Micro- 
coccus tetragenes, and anaerobic micrococcus. Positive cultures were not 
obtained fram two patients although a positive smear with gram-positive 
cocci was obtained frm ane patient who was receiving antibiotics. 

Both had evidence of acute inflanmiation *an tissue removed a t  
reoperation and are therefore considered inf'ections. of the organisms 
have in the past been cmsidered nonpathogenic or of low grade virulence, 
but our experience as  well a s  that of others indicates that  any organism 
can produce a serious infection, 

All patients who are not doing well fol lwing to ta l  hip replace- 
ment have had one or more aspirations in an attempt t o  identify organisms 
which might be responsible for  a low grade infection. O f  those patients 
with positive cultures, not a l l  have been reoperated although we suspect 
that th is  w i l l  eventually be necessary. 



What are  the possible mechanisms of infection? We suspect t h a t  
many of t h e  inf'ections a re  the result of contamination a t  surgery. This i s  
based on analysis of a second 100 t o t a l  hip replacements operated upon using 
t ruly prophylactic antibiotics (methacillin) given before, during and a f t e r  
surgery. In addition, a t r i p l e  antibiotic (bacitracin, neomycin, polymin) 
i r r igant  was used. In  t h i s  group there was not one deep infection reported. 
Admittedly, i n  t h i s  analysis the follow-up period was much shorter--6 months 
to  18 months--but it i s  clear t h a t  there has been a marked reduction in  the 
ra te  of infection. Other factors a r e  t o  be considered, however, such as 
reduced operating time and blood loss, etc.; but, we have found the main 
factor i n  reducing the ra te  of infection has been the  administration of anti- 
biotics.  On f u r t h e r  analysis of the infected cases i n  the f i rs t  100 hips, 
a l l  but two fa i led  t o  progress sat isfactor i ly  or had one o r  more warning 
signs such as prolonged elevated temperature post-operatively or  elevated 
sedimentation rate.  

However, two patients did well and had no signs which may have in- 
dicated that trouble lay ahead. In  these cases one must consider the possi- 
b i l i t y  of bacterial  seeding a t  the s i t e  of a large implant from an otherwsie 
incidental bacteremia. D r .  Umm Johnson believes t h i s  t o  be a r e a l  possi- 
b i l i ty ,  c i t ing  the experience of the c a r d i m s c u l m  surgeons who implant 
heart valves and are  troubled with la tent  infections as well. D r .  Johnsorr 
states: "Transient bacteremias have been demonstrated follcwing trauma t o  
t issues such as tooth brushing and defecation. It 

There is also ample evidence t o  suggest t h a t t h i s  mechanism of 
infection has occurred previously i n  orthopedic surgery. b s t  of us have 
observed patients who have 'had plate and screws used f o r  internal  fixation 
25 o r  more years ago and suddenly develop pain and localized infection 
readily cured by removing the implant and excising the surrounding tissue. 
Similarly arthroplasty patients who had been doing w e l l  suddenly becane 
symptomatic. Often surrounding bone absorption and infection is uncovered 
a t  aspiration or at  surgery. A l l  of these si tuations suggest to  us that  
bacterial  seeding can occur a t  the site of an implant. 

However, i f  many of the infections reported following t o t a l  hip 
replacement are  iatrogenic, as w e  suspect, because of contamination occur- 
ring a t  the time the surgical procedure is performed, then a l l  reasonable 
measures t o  eliminate the source of contamination should be ini t ia ted.  The 
problem is part icularly acute i n  orthopedic surgery where large endoprotheses 
are implanted such as i n  t o t a l  hip replacement. An infection i n  these 
patients caused by crganisms with low virulence has been d i f f i cu l t  t o  con- 
t r o l  and eventually the prosthetic devlces have t o  be removed. Therefore, 
antiseptic measures, especially when supplied post-operatively, have been of 
l i t t l e  benefit as far as controlling contamination is concerned. Our em- 
phasis must be placed on asepsis. 



What can be done then t o  produce an environment which i s  aseptic 
or nearly so? There are  many relat ively simple measures which can be 
inst i tuted t o  improve the environment and these have been outlined i n  pr ior  
surgical l i terature .  However, since there a re  so m y  factors which a re  
d i f f icu l t  to  control or  evaluate, most remain theoretical with the c r i t e r i a  
fo r  detemining the importance of any one individual factor  almost an i m -  
possibi l i ty  t o  gauge. Nevertheless, since many cost nothing and others a re  
re la t ively inexpensive t o  in i t i a t e ,  I have incorporated these measures into  
operating room procedure. Some factors a re  of obvious importance and will 
be stressed even though I am certain they are a repetition of previous ?re- 
sen-tations given during th i s  seminar. 

Of primary corlcern i s  the s ize  and movement of the surgical team 
within t h e  operating room. The number of persons within the gperating room 
should be kept t o  an absolute minimum comensurate with mission of t he  
surgical procedure and mission of the teaching insti tut ions.  Prior t o  con- 
t r o l  of t h i s  factor i n  our own mom it was not unknown t o  have 12 o r  more 
persons within the OR a t  one time. bvements within the  operating room 
should be minimized and, therefore, organization and pre-operative planning 
should be maximized. Our own operating room had f lve  doors and two of 
these were double doors. bring one 2-112 hr  procedure these doors were 
opened an amazing 186 times--over one per minute. Since each opening and 
closing disturbs the airflow, especially par t ic les  and bacteria which are  
circulating within the room, t h i s  had t o  be rectif ied.  It. was found, f o r  
example, tha t  our operating room was "conveniently" placed between corridors 
and was even occasionally used as a hallway between the two. It i s  now Dur 
custom to  tape shut all but two doors and t o  inst ruct  the operating roam 
team sufficiently i n  advance so tha t  a l l  needed instruments and supplies 
a r e  within the operating room before the incision i s  made. 'I"he instruments 
a re  sequentially arranged on separate trays as  described by Charnley so that  
they w i l l  be uncovered and exposed t o  the air f o r  a minimal amount of time. 

The methods of preparation of the skin of the operating personnel 
and the clothes they wear a r e  quite controversial factors. However, common 
sense would dic ta te  you do everything you can t o  protect yourself and the 
team from the patient.  For example, due t o  frequent breakage of gioves i n  
orthopedic surgery we use double gloves. The use of masks covering h a i r  
and beards is also a basic requirement. Regarding the patient,  we believe 
t h a t  it is not satisfactory t o  prep the night before. Surgical technicians 
frequently nick the skin while shavlng a limb, part icularly over bony pram- 
inences, leaving an area open f o r  bacter ia l  multiplication. We would l i k e  
to  prep a l l  of our patients f o r  major implant surgery ori the morning just 
pr ior  t o  surgery. Since we haven't convinced the administration of the 
necessity t o  change t o  t h i s  schedule, the interns and operating room nurses 
must do t h i s  chore using one of the preparations containing Iodine. 



While transferring the patient,  s t r ive  t o  choose a route so t h a t  
the bed o r  gurney, wh?,ch has been i n  the so-called "dirty" areas of the 
hospital, doesn't came into the OR. 

I won't go into  the preparation and cleaning of the operating 
room i t s e l f  t o  any great degree except t o  note i ts  importence and to  
suggest that  a l l  surgeons familiarize themselves with the protocol used 
by those responsible and be certain that the methods are  acceptable. 

Similarly, keep i n  mind the importance of good surgical principles 
and techniques: 

1. Reduce operating time to a minimum. 

2. Damage t issue as l i t t l e  as possible and excise 
that  ti-ssue unavoidably devitalized during the 
procedure. 

3. Control hemorrhage. 

4. Eliminate dead space. 

5. Use  suction drainage. 

I might point out t h a t  repetition of the surgical procedure using 
the same team, i n  our experience, has markedly contributed t o  reducing the 
operating room time and has a positive effect  on the other measures as well. 

The f i tness  and health of the team i t s e l f  i s  nearly impossible t o  
screen, but operating ro& personnel with open wounds or heavy colds should 
disqualify themselves. 

The most topical item f o r  c'ecreasi~g OR contamination is  the intro- 
duction of a "laminar airflow systzm". We are looking further into  the 
operation of tht-r:: systems be.:n~~se there are no s t a t i s t i c a l  data one way or  
the other t o  prove t h e i r  efle:tiveness. Since we are  buiiding a new oper- 
ating suite, a laminar aifllow roam is  planned back-to-back -d th  older 
s tyle  rooms, providing a perfect opportunity t o  do an in-depth study with 
an engineer and a m i c r o b i ~ l o g ~ s t  present t o  help with the study. 

The question i s  essential ly whether a a-ertical flow or horizontal 
flow of a i r  sk~ould exis t  i n  the OR. We hope tht, from our study, data 
w i l l  be obtained which k i l l  be usef'ul i n  determining the value of a hori- 
zontal high velocity syeitem compared t o  the conventional, more o r  less  
random low velocity flcw. Hopefully, data w i l l  emerge from those using 
ver t ical  systems as well. I want t o  emphasize tha t  improving the operating 
roam environment i s  important and the simple inexpensive measures a r e  the 



f i rs t  and easiest t o  introduce. However, there i s  a cos t  fac tor  which must 
be considered i n  any major overhaul of the  OR environment and we f e e l  it 
should be based on performance, not speculation. 

The use of a ve r t i ca l  high veloci ty airf low system makes it pre- 
requis i te  t o  use some type of "space sui t" .  This type of equipnent makes 
communication more d i f f i c u l t  and inh ib i t s  teaching. In addition, l ight ing 
remains a pro3lem and par t icular ly  when using the l a t e r a l  approach t o  the  
hip with the  pat ient  on h i s  side--a preferred approach f o r  sane--and fo r  
those who must use t h e i r  operating,rooin f o r  other procedures. The l i g h t s  
must be positioned l a t e r a l l y  i n  the ve r t i ca l  flow room from the s ide  i n  
order not t o  introduce undesirable vort ices due t o  objects or heat -ImpeCiance. 
We have no substantiated proof t ha t  by using a horizontal airflow system we 
can eliminate t h i s  space su i t ,  since it w i l l  be d i f l i c u l t  t r s  place the  OR 
team so tha t  flow i s  undisturbed, but wc think t h a t  it is  a def in i te  possi- 
b i l i t y  and plan t o  f ind how effect ively we can work without a special  helmet, 
gear and so on. We do not a t  t h i s  time believe tha t  t h i s  is feas ible  as far 
as a ver t i ca l  airflow system i s  concerned. L i g h t i ~ g  should not be a problem 
with the  horizontal system although c a r e m  evaluation of t h i s  fac+,or i s  i n  
order. Perhaps with development of f i b e r  optics,  l ight ing can be improved 
for the vertica' system so tha t  it w i l l  niinirnally d is turb  the flow of air.  

Also, we need t o  consider the s i z e  and the  t a p e r a t w e  capacity of 
the room and of the  air within the  room. For example, a t  our ins t i tu t ion ,  
including tkz new s u i t e  and other rooms, the air zomr2s i n  a t  68OC. This 
could not be lowered without a large  f inancia l  i3ves tme~t  because of t h e  
need f o r  the ins ta l l a t ion  of additional expensive equisment. Any of these 
high velocity systems which a r e  ins ta l l ed  on a portable o r  permanent basis  
a r e  going t o  raise the temperature a few degrees, soon c a ~ s i n g  i z  t o  r i s e  
above the tolerable level .  By modifying what was already planned f o r  our 
par t icular  operating roor,  an inexpensive nitrogen cooling system could 
be ins ta l l ed  t o  cool the a i r  t o  6 5 O ~  and keep it a t  65'~. 

A s  I emphasized before, improving the  operating room enviromcnt 
by i n i t i a t i n g  the  simple inexpensive measures should be the f i r s t  step. 
Each in s t i t u t i on  should e ~ a ~ y z e  i ts  own requirements as far as improvements 
needed i n  i t s  airfiow syrlkws. There is a cocsiderable need f o r  a l l  of us 
t o  develop one s t a n a r d  p r ~ c o c o l  i n  order t o  evaluate the exyectiveness of 
the ve r t i ca l  and horizontal laminar flow systems, especial ly ~r l th  respect 
t o  the  all-impc-:ant s t a t i s t i c s  of reduced infect ion rates. The vae af 
prophylactic ant ib iot ics  appears t o  substantial ly reduce the  r a t e  of sepsis  
i n  major implant surgery. 



The following issues main to ?x decided: 

1. How effective and practical are "laminar flown 
systems in micimi zing contamination and infection? 

2. Will it be safe to perform major implant surgery in 
a nlaminar flow" with3ut prophylactic antibiotics? 

We feel that onlj through the actuai initiation cf a laminar flow 
system can we foxaulate a situation offering a plausible basis for objectives 
and realistic cmparison t~ conventional systems nor in use. 



NEW M P S  FOA OLD; !EXAX, PR3-SI.S REPUClm?w 

Irwin S. Lehbech, M.D. 
Orthopedic Surgeon 

St. Petersburg, Florida 



Ladies and gentlzmen, I would l ike  t o  f i r s t  express my gratitude 
fo r  the privi lege of enjoying your in te l l ec tua l  corcpanionship during the 
past several days. It was through the kindness and courtesy of M r .  Claude 
Marsh tha t  I came here and, incidentally,  througk; the thoughtfllness of 
C r .  Joseph Enyder, tha t  I was kept inforaed about h i s  a c t i v i t i e s  and new 
developments in laminar airflow for  surgical  su i tes .  

I l i s t e n  t o  many of the discussions about why I do not have t h i s  
and th3t:  " I t  costs too much;" "My administratior, won't l e t  me have i t ,  I t  

e t c . ,  e tc .  In  a court of law t h i s  i s  not suf f ic ien t  reason. It T r i l l  

intimidate both the defense and the p l a in t i f f .  It i s  not an excuse fo r  not 
having something good. F~r tuna t e ly ,  I have been able t o  eliminate t h i s  
problem. I spend scme of my own money. I cannot wait fo r  an administrator 
t o  t e l l  me I cannot spend $20,000 for  a clean operating mom. I f  I have it, 
I spend it. It i s  deductible, and a f t e r  a l l  it i s  only money. So money 
i s  only a re la t ive  thing, but maximum benefit t o  the pat ient  is a tangible 
thing, and must be offered, So when the administration says t o  me, "we 
don't have $15,000 t o  put i n to  a clean room," 1: can say t o  my wife, "Instead 
of t i t h ing  it t o  the church t h i s  year, we ' l l  give it t o  the hospital." That 
i s  exactly what we did. 

There i s  general agreement t ha t  contamination of surgical  wounds 
comes from three sources: contact, endogenous and airborne. Contact is  
a major source a.s shown by the universal adoption of aseptic  procedures 
such a s  surgical scrub, gloves, masks, gowns, s t e r i l e  supplies, and equip- 
ment. We a l l  seem t o  agree tha t  endogenous bacteria a re  a major source of 
infection whenever the skin i s  broken and especial ly when a hollow viscus 
i s  entered during surgery. Since the time of Lister ,  there have been major 
disagreements about the re la t ive  importance anti frequency of airborne in-  
fection i n  surgical wounds, and t h i s  continues today. I came here confused, 
but now I am confused a t  a much higher level .  But it does not bother me 
r ea l ly ,  fo r  someone once said that  "Not  t o  be confused means not t o  be prop- 
e r l y  informed. " 

Fcr what reason a.m I here? I have been hired t o  deliver something, 
ar.d I am going t o  do it as  quickly a s  possible. I s h a l l  t r y  t o  give the 
engineers an idea of wkzt a surgeon does who replaces hip jo ints  i n  a clean 
a i r  environment. 

I moved t o  S t .  Petersburg because it i s  a collect ion center fo r  
h ip  pathology, e i ther  disease or infury. 'ulhen I f i r s t  came, scme days we 
wculd operate on f ive  hip  fractwes. Twelve or thopedic  surgeons operate 
i n  St .  Petersburg on about 3,000 hips a year, so t h i s  operaticn with which 
we are concerned, namely, t o t a l  replacement of the h:p, i s  useful.  



We c a l l  t h i s  a salvage procedure because it i s  a destructive 
operstion. I t  i s  a salvage procedure a t  60 and over. Then af te r  we used 
the t o t a l  prostheti- replacement for 10 years, we decided t o  reduce it t o  
50; now we c a l l  it sal\-.ige a t  50. I f  a 22-year-old comes t o  me who has  
hzci b i la teral  cup insertions a t  15 years of age tlud tzey are worn out a t  
22, I might put i n  a t o t a l  prosthetic hip i n  one side, especially i f  she 
wants t o  be married. That i s  exactly the case I zm talking ~baut--a 22- 
year-old who has had cups put i n  a t  15, cups worn out a t  22, pa ined  hip, 
rheumatoid, wanted something uone with  one hip, m i n l y  for t o i l e t  facLil t ies.  
She was informed that  the l i f e  expectancy of the hip would be sbout 10 years-- 
then repeat it. 

Figure 1 shows a type of prosthesis, a t o t a l  replacement. which i s  
put i n  without cemedt. This is  a variety that  I s tar ted with before I f e l t  
that  cemert should be used and before I had appruval from the FGA t o  use 
cement. The upper porticn i s  the acetabular cmponent which i s  screwed 
into the ileum, and I prefer, l ike  No. 2 and IT?. 4, nonfenestrated so I 
can cement them in i f  I think they are loose a t  a l a t e r  date, If you use 
cement i n  a fenestration, you have a problem. You h o c k  not only the pros- 
thesis out i f  you have to  change it, b ~ t  you cauld bring a piece of the 
femur along with it. 

Figure 2 shows another variety which i s  the McKee-Farrar prosthe- 
s i s  w i t h  the studs on the acetabular component, nonfenestrated. I did 125 
of these and then I f e l t  that  it was logical  t o  use the high-density poly- 
ethylene pelvic cmponent and I prefer t h i s  now. However, with new mchin- 
k g ,  the coefficient of f r ic t ion  has been reduced, so perhaps we w i l l  go 
back one day t o  the metal-to-metal. 

Xext ( ~ i g u r e  3) i s  a picture of a patient ~ h o  has double replace- 
ments; incidentally, there i s  a gentlemen with me who i s  a cuisulting engi- 
neer, who i s  s i t t i n g  in the audience now who has two of these. Thi:: i s  a 
rqlacement, longer stemmed, i n  a patient who i s  very porotic, who h2d n:, 
head or neck of the f e r n  when she came t o  me. We were able t o  restore 
2-1/2 in. of length i n  this patient. 

Figure 4 shows the Charnley type, the low f r i c t ion  coefficient,  
hi&-density polyethylene, small head; it is very popular. I think, snd 
I say th is  truthfully, that  if  I were lea-ming t o  do prostheses and wanted 
t o  know how t o  reconstruct as well as repla-e, I would advise learning the 
Charnley method. I use f ive methods which I f i t  in to  the type of patient 
i n  whom I think they belong. For instance, a .nan with a large medullary 
canal where I would probably have +,o use two or three units  of czment, I 
would rather use more metal and less  cement. It is  only m(y opinion, and 
it i s  an opinicm gained *om an impression a f t e r  eqerience;  with nearly 
50C t o t a l  prostheses in 3 years. 









Figure 5 shows a unipolar prosthesis in  place, the one on the l e f t .  
This i s  a unipolar prosthesis which w i l l  eventually pound i t s  way into the 
pel-ris, you cannot hammer metal aginst bone l ike  that  and expect it t o  
remain stable ; it can become loose and painful. I would say almost one out 
of three of these are "built-in" fai lures.  

Figure 6 shows a hbiel ler-~harnle~ type which I use and I prefer 
be~uase it has variable neck length; I can restore some muscle tone without 
removing the trochanter. If the trochanter i s  i n  abutment against the ileum, 
I take the trochanter off and put it back with screws and wire. 

Figure 7 shows d e l l e r ' s  variety; look from the l e f t  and t o  No. 1 
you have a short neck, the medium, and the long neck. You have, i n  the upper 
left-hand corner, a small polyester acetabular component; the next one i s  
polyester; the next one is  a high-density polyethylene. The polyesters are 
very handy if  you operate i n  foreign countries,you can use moist sterili-.a- 
t ion.  You can take these polyesters along and autoclave 2nd boi l  them up 
i n  a minute and a half t o  3 min. When you have variance in the canal; for 
instance, i f  you have a long, thick m e d u l l q  canal, where you might have 
t o  use three units  of cement, you can take No. 3 and put it in there and 
f i l l ' i t  up with metal rather than cement. You do need cement, but not a s  
much. 

Figure 8 shows Weber's prosthesis, a replacement, looks l ike  a 
b i l l i a rd  ball. We use this as a h u i o n  prosthesis. It spins or: the ball; 
it has a very low f r ic t ion  coefficient; and I have used these i n  younger 
patients, and I have told them, i f  any of these components wear out, we 
make a l i t t l e  incision in the side, dislocate the assembly, and put i n  
another "bi l l iard ball .  " I give them one when they leave the hospital, but 
I also give them the name and address of the man who invented it i n  Switzerland. 

Figure 9 shows the Buchholz German prosthesis, a high-density 
polyethylene cup. On the r ight  you see R,  up above, i s  a cutout for  the 
illiopsoas muscle. I use these i n  people who have large medullar canals 
and I think I cut down the amount of cement. For example, th i s  man had a 
shallow acetabulum. I use two screws t o  build up the l a t e r a l  aspect of 
the ileum, or shelf. I prefer t o  get i n  deeper medial ward. In t h i s  case 
I could not, so I built  up the acetabulum. 

T h i s  i.3 a usef'ul suction system (Figures 10 and 11). This was 
1 .  I do not think I have ever done anything original,  but I have been 
a f a i r l y  good collector; I have vis i ted a l o t  of people; I have picked a 
l o t  of brains, and t h i s  is  a modification of the first one I saw i n  Charnley's 
clinic. We found this l i t t l e  crown arrangenent i n  the welder's machine shop 
and adapted it t o  use. F ,  cure 12 shuws the way t o  cover the face; t h i s  is 
w e r  the apparatus you just saw and I t r y  not t o  have hair  exposed. I wear 
an t i s ta t ic  boots made by Dunlop Rubber Cosrrpany in England and they are scrubbed 
between cases with a detergent solution. 



















Thfs i s  the back view cf the si tuation (~igure 13); inc idmtalJy ,  
t f ~ t  x-ray view baxes are not in the o - r a t ~ q  roan; tt- ,- are cutside. In 
the. d r a y k g  procedure, we have plas t ic  on $he front LA us 46 tfiat if we 
perspire, or if we push an instr-anent against the body, ;;heoretically we 
do not contanClate ourselves or the ins'trwnent. I wear cuffs: Shey are 

simple things ; nry father used LO -dear these wnen he was a bookkeeper 2nd 
you can b'w them i n  2ny s ta t ionery  store end p s  s t e r i l i ze  t . h e ~ .  

This is our l a m b a r  flow o p r a t i n g  rooae ( ~ i g u r e  14). The source 
of light is oufside. We need very little l igh t  f a r  a h ip  replaoexent. If 
you put a light i n  there thz generzl sugeons will want t o  use  the room. 

This room is worth $E,000, if for  no other reason than t o  keep 
tbd talkers may 1-m the patient.  ' i 9 ~  see tha% the walls are draped. We 
&spe x i th  paFr  because it is hesriy l int-free. Tbe a.nestbesiologist is  
outside of tile room. 

Somose else mntioned the turbu1.er.ct: areund the operating r o m  
table. A i l  yoxi have tc do i s  drape the table and run the drapes down t o  
the floor ar,d you have eliminates some of thz pzoblem of turbulence. You 
can eo-fer the wnole table. My drapes g3 dam from thz table t o  4 in .  above 
the floor. 

We dc not have e l l  lint-free drapes nou. We have linti-free paper 
on the sides, ar,d we w i l l  begin us* l in t - f iee  drbpes when a particular 
type of 3.1136-free material is  available. A f t e r  we have draped w i t i  conven- 
t ional  material, you can go along the outside on the ledge of t M s  roam with 
your r ' i n~er  and pick up green lint. This it came out of the roan. With- 
c r ~ t  lavinar flw these lint part ic les  would sti l l  be in the operating roam. 

Figures 15 ant1 16 shav tli: Goodric3 Vacumsk which I like.  Tney 
are l igh t  i n  weight and very e e i c i e n t  against expired part icles.  I have 
two of these va.cumasks. I w i l l  demonstrate them la te r .  I have tested t h i s  
system by smoking a cigel-e-cte, b l s w h ~  the smoke, a d  the smoke will not 
pass out the aperture i f  your suction i s  adequate. Thus, you would not have 
t o  wear the polyurethane msk; hasever, it is  not a good discipline for  the 
other people i n  the roam t o  be masked, so I we= the 2olyxrethane mask w e r  
my face so not t o  violate our rules of discipline. 

2r. Snyder asked RW yesterday about Dr. Weber's (St.  Gallen, 
~witzerlaud) s t a t i s t i c s  the use of vaccines t o  prevent infections. In 
1967, Weber vaccinated none of h i s  p t i e n t s  and had Jl% infections. In 1968, 
om of 155 cases which rsceivsd vaccine, he bad three infections or 2$, 
Between January and July of 1970, he did 176 t o t a l  prosthesis ogerations and 
had one infection or 0.65, Becaw Weber's tracche contains several s t ra ins  
of Staphylococci the FIW will not l e t  it ia  this cantry.  So, you might llse 
an autogenous vaccine, wbick Ur. Glrlch says i s  better anyway. 











S4,nt is t ics  a r e  sometimes l i k e  a lamppost t o  a drunk; they of fer  
come means of support, but they a re  not ver7- enlightening. I have 19% 
complications, but they a re  not major complications. It i s  j u s t  a f rank 
admission of what happens: deep vein thrombosis, 20; infec t ions ,  deep, 3; 
dis locs t ions ,  4. However, I have never had a d is loca t ion  w i t h  the Charnley- 
bGeller prosthesis .  I had three  with the McKee-Farrar. There is  no s ingle  
mishap which one could c a l l  an e r ro r  t h a t  has been the f a u l t  of anyone e l se ,  
or any room. 

Figure 1 7  shows my compression dressing, a big time saver. I-t 
i s  a modification of Chamley's compression. I have used 50-60 of these 
t o  date and have only one pa t ien t ,  a very obese lady, who had a s m ~ l l  serorna 
a t  the proximal end of the  wound. One nay leave t h i s  compression f o r  8 days 
and have a technician remove it. 

I s h a l l  be happy t o  demonstrate t h e  exhaust systems t o  anyone who 
would l i k e  t o  see them. I t . h a s  been a d i s t i n c t  pleasure t o  have shared your 
knowledge i n  exchange f o r  a few f a c t s  from my own experiences. I thank you. 
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We h ~ v e  assigned many of the questions t~ the people on the panel 
and unfortunately, we w i l l  not. be able to  answer ?ach one ind iv id~a l ly .  Ar t  
as I mentioned ear l ier ,  the answers to  the genc~ ic  type questions w i l l  cover 
most of thosz, and the remaining problems that  are s t i l l  unacswered can 
perhsps be ~0vcl.ed individuelly before we wt?. finished. 

I think we w i l l  just move along the w z y  we have >lamed. i took 
no questions; th r t  i s  q y  pri-rilegz as a moderator so I exercised it. We 
w i l l  start with  3.r. John Ulrich, and we w i l l  go around one time to  each 
panel member; and i f  each panelist w i l l  start out with his f i r s t  generic 
t y p e  question and give an answer to  it, then we w i l l  pass on t o  the next 
person. 

Dr .  Ulrich: 

&st of these ques t io~s  are  on bacteria in surgery, and I w i l l  
not t r ea t  any cne question; I w i l l  take it as a gelleral discussion, 

W e  are always going t o  have bacteria in a surgery. A number of 
you have seen ar t ic les ,  I looked z t  two of these th i s  mrning, on the use 
of a s t e r i l e  operating room. There is nQ such thing; as long as you have 
a hunman being i n  the rocqyou have got an unsteri le situation. EssentiaLy, 
what we are  trying t o  do is  control the numkers and also the remval  of 
these organisms, so they do not contaminate the wound, 

When a.n orgalism does contaminate a womd, there appears t o  be a 
difference of opinion whether that  organism is  one tha t  has derived from 
the p t i e c t  or has come frm an outside source. The best data--as far a s  
the sbpk~iococc i  are concerned--were compiled when the investigators checked 
the patients as  they first came into tine hospital, and periodically through 
their  stay. These data show that  organisms that  the patient did not have 
when he came into the hospital, caused more severe and prolonged infections 
than organisms that  he brought i n to  the hospital with him. Again, I think 
it i s  probably t m e  that  12 are able t o  l ive  a l i t t l e  b i t  better  with our 
win bugs. 

One of the questions here was, "Do we have antibodies against our 
own indigenous flora?" To some of theit, yes; t o  many of them, no. A t  leas t ,  
not on levels that  are demonstrable. We 40 have other general syscvenc;, how- 
ever, that  are present i n  a l l  of us, f a r  example, agajnst staphy'-ococcus. 
A l l  of q \ s  aormally have serum components that  w i l l  cause coagulation of 
s tapk  - .A. This i s  a gcod thing i n  some cases, because it can cause 
clmping. It i s  bad i n  others, in  that  with clumping, it is probably harder 
t o  t r ea t  with antibiotics. There was a lso discussion t h i s  morning on prophy- 
l a t i c  use of antibiotics. There i s  cmsideraole l i te ra ture  on propwlactic 



use. Investigators on both sides are equally vocsl and equally concerned 
as  t o  ~ h e t h e r  antibiotics should be used prophylactically. There 1s  one 
large group whr, fzels thzt  in mar~y cases we a i rec t  infections by the type 
of -nt ibiot ic  used, especially w i t h  grsm-negbtive organisms, particularly 
Pseudomonas, which i s  me of the most d i f f i cu l t  organisms to  t r ea t .  It may 
be that  with a t  least  some pro?hylactic regimens, we may actually be endan- 
gering the situation. 

D r .  Whitfield: 

In  looking over the questions, Jack, there is  one that  seems to  
be rather comon: How can turbulence be avoided over a surgical wound 
when ver t ical  or  horizontal laminar flow h i t s  the surgeon's arms or  hands? 
To me, the answer is that  y ~ u  cannot avoid turbulence. I think the thir;g 
that  ycu n e d  to  consider is keeping harmful contanination out of t h i s  
turbulence. After 15-stening t o  the surg5cal people t a l k  yesterday and t h i s  
morning, it appears quite clear t o  me t ha t  you are worrying about single- 
par t ic le  contalcination. We were worrying a few years ago and stil l  are 
about t h i s  i n  the electronics industry where a s i e l e  part icle could possi- 
bly gi7.-- 2s trouble. In that  case, you go t o  extreme measures to  avoid 
single-particl, contamination. From what I have heard at- th i s  symposi~m, 
the proper use of clothing is very necessary in avoiding single-particle 
contamination, e-fen in ver t ical  or  horizontal laminar flow systems. I 
knaw of no uay t o  el ininate the turbulence in eicher of these systems, 
although obstructions that  cause e~rbulence should be minimized as much as 
~ o s s i b l e .  The objective he'e is  keep contamination out of the turbulent 
are1. 

Dr .  Amstutz: 

The qaestion I have is: What i s  the a f f i c i a l  position of the 
A-adew of Orthopedic Surgeons regarding the use of laminsr flow in sw- 
gery suites? A t  the present time, there has been no amounced o f f i c i a l  
position from the Acadew. However, I do have some background information 
wAhich re f lec ts  rqy own personal view and  ma,^ others within the Acadetqy 
Execut3-ve Ccrnnittee who fee l  that  t o t a l  hip replacement, where the com- 
ponents are fixed with the  cement-like substance (mcthylnethacrylate), has 
advantages, particularly with respec', t o  loosening over the t o t a l  hip re- 
placement prosthetic d e ~ l c e s  which are press f l t t e d  -h to  bone. There are 
data which suggest that  there w i l l  be significant incidence of l~osening,  
while a t  l eas t  through pericds of up +A 8 years polyethylene-metal t o t a l  
hips seem t o  remain well fir.&. However, the use of metbylmethacrylate 
has been res t r ic ted by the Federal Fod. and D r u g  Admrinistration %o a group 



of investigators around the country. The short-term safety and efficacy 
has now been established and met&lmethacrylate (simplex P brand) is  sched- 
uled for r e l e i l~b .  The package inser t  w i l l  contain the usual warnings and 
w i l l  make r e f e ~  lnce t h a t  the operating room should be provided with ade- 
quate a i r  circcllilt,ion. There is no mention about "laminar airflow" per se, 
and I believe there w i l l  be none u n t i l  such time tha t  adequately controlled 
studies a re  available to  substantiate or  dew the need. 

D r .  Leinbach: 

I have a question here from Dr.  Joseph Snyder (presbyterian 
11 Hospital, New ~ o r k ) .  He asks, Is there an optimum airflow rate?" I re- 

c s i l  tha t  it was suggested i n  oce of the references the range would be 
25 t o  60 ft/min. Below 25, you gat thermal convection currer ts ,  and above 
60, you ga t  undesirable vortices. Dr .  Snyder a l so  says the ?!Jew York City 
Board questions the explosion hazard of recirculat ing a i r  in an enclosure. 
Is there pro and con evidence tha t  the reci rcula t ior  of a i r  i n  an enclosure 
will or w i l l  not resialt i n  generating a potential ly exposive mixture? I 
have a comment about it; the National Fire  Preventioc Act refers t o  t e s t s  
which show tha t  the di lut ion r a t e  is so high tha t  actuaily 1-1/.. ft from 
the source thee is no explosive potential,  and no explosive hazard has 
been fcund. Recall also, tha t  even in a recirculat ing system, f resh a i r  
must be iritroiiuced at  a r a t e  of f2ve out of I2 cnanges so that if  the a i r  
r~lst be introduced, and there is  an eqrial amunt, you don't run the hazard 
3f dumping contaminants and so fo r th  into yqur area. I don't know w h a t  the 
Act says, bit I would say with t h i s  interchange of a i r  and the fac t  tha5 
you must have f resh air in with the rec1rcl.d-a.bed a i r ,  tha t  yc; reduce the 
hazard ccns5-derably. Seriouslg , I would consult the b s p i t a l  attorney about 
t h i s  before you just  assume what I am saying is true. You don't get  a build- 
up of par t ic les  if you have air change, especial: a t  the flow ra t e  tha t  we 
use. 

D r .  Ulrich: 

Jus t  one l i t t l e  p o h t ,  as far as e-xplosion hazard i s  concerned: 
the pzople most concerned a re  the underwrittrs, and they have s t a t ed  tha t  
this is 20 longer a hazard in surgerizs. 

D r .  Leinbach: 

I agree with this. A s  a matter of f ac t ,  you should go m e  step 
furthzr and get  yow room cer t i f ied  and exhibit  the cer t i f ica te .  If it 
does nothing e lse ,  is a l e r t s  people againrt negligence and it sbows them 



t ha t  yo9 're aware of the  hazard. You can have a room cer t i f ied easily by 
t h e  manufacturer. It w i l l  cost you $4CO t o  cer t i fy  a room; you bling i n  
$5,000 worth of equipment to  do it.  

D r .  Carl Nelson: 

I wanted to ask, then, w& do you have your room posted with 
''no explosive anesthetics w i l l  be used in  th is  room?" 

D r .  Leinbach: 

We have no hazard because we do not use cyclopropane. We use 
spinal anesthesia i n  90$ of the cases and this is one of the reasons. You 
don't allow t h i n g s  against your own interest .  But when you are not allow- 
ing these, you publicize the fac t  that  you are doing everything possible 
to give the patient maximum surgical and medical benefits. 

Mr.  Sivinski: 

W i l l i s ,  w e  actually did some studies too, instrume~-2 studies, 
to  determine what the explosive levels were in a laminar downflaw operating 
room a t  Bataan. Do you remember the resul ts  of tha t  work? 

D r .  KMtfield: 

Yes, it certainly agrees xLL& what D r .  Ieinbach stated nere, 
There was no builaup a t  a l l .  

Would you comment on pager vzrsus plas t ic  drapes and the patient 's  
body temperature; also the A 2rits of p a p r  or plas t ic  drapes versus linen? 

D r .  kinbach: 

I cannot suggest aqy-thing +,hat 1 am no* ent i re ly  fami l ia r  with as 
t o  the pros and/or cons. Paper is  supposedly l int-free.  Noawoven fabrics 
have the advantage of disposability and eliminating the lamdry factor. 
A t  the moment, I am invest igat~ng a product frm the E. I. du Pont de 
Nemours and Compm, Wilmington, Delaware, which is a gown, steri!-ized by 
the manufacturer and re  turned t o  the same laundry fcr res ter i l izat ion.  
The Micron-Cle an Uniform Sen ice, s division of Valley Linen Service, 



Inc., M.D. 25, Kewbur~;ii, Nevi York, offers  white-room garments, cleaned t o  
government-micron specif icat ions.  mese manufacturers give the pros arid 
cons fo r  the use of t he i r  materials. A t  the present time, I am using p q e r  
dr:;pes which are waterproof and nemly l i a t - f r ee  . 

A doctor s ta teu  t: - .- C ~ ~ . ~ t . o r s  know more about laminar flow as i t  
pertains t o  hospitals .  Is hi::- a poss ibi l i ty?  

D r .  Leinbach: 

Let us first define "possibili ty" as sn uncertain thing which may 
h~ppen. Therefore, it is  a possibility, but pore so i f  the doctor i s  an 
engineer as well. Up t o  now, and certainly in the f'uture, engineers will 
play a greater  ro le  in  infect ion control through t h e i r  contr ibutio~ls  in 
contamhation control. One must ge t  t o  the  source of the contamination. 
We as physicizns know about the endogenous sources. We speak of an infec- 
t ion being haematogenous. An engineer knows tha t  personnel and equipment 
are the  source of exogenous material and other contaminants. Humans shed 
bacteria.  The average nude person she& 50,000 bacteria  per cubic foot per 
minute. It is niy contention tha t  there should be no bare skin exposed LT 
the operat* room. It should be covered with f i n e  closeiy -hit material 
which is  f i l t e r - t s e  woven cotton. Much of the material discussec i n  o u  
conference is  well covered in the Biological Handbook fir Engiueers, NASA, 
CR-61237, given t o  a l l  those attenGing the  Sympociux. Had thi.s handbook 
been distr ibuted pr ior  to  the rleeting, ~.'~a.ny qunstions and t h e i r  answers 
would have been eliminate-3.. The material distr ibuteC a t  &his Symposium 
is  invaluable and should be abstracted published fo r  general avail-abil- 
i t y  t o  the medical profession at large. 

D r .  Harter: 

I have a question here pertaining t o  the  prevention of infeetioils 
disease i n  astrr,naut crews. The questioner asks  ' h a t  steps has KennaGy 
Space Center taken to i so la te  "Ue zstrofiauts from pref l igh t  h fec t ions?"  

almost 805 of  the Apollo Nissions, ore oz more of  the crew 
melllbers have becow ill, e i the r  before, durin.2, o r  a f t e r  the  f l igh t .  These 
i l h e s s e s  have usually been v i r a l  rn origin and of the so-called "low-grade" 
m e .  However, it should be pointed out t na t  a muuy nose or  mild diarrhea 
whLzh m y  be only a. nuisance here on earth,  could reach very s s r i ~ u s  prapor- 
tLons in  the hclstiie environment of Space--not t ha t  the disease itseZ.f 
would bs dif ferent ,  but t ha t  even the s l igh tes t  degradation in human per- 
formance might have grave consequences fo r  the  success of t he  mission. Also, 
the space s u i t s  and the  spacecraft, ikse l f ,  have not been designed t o  cDpe 



with the specS.al problems presented by a sick crewman t c  himself and his 
fe l lo;~ astronauts. 

To prevent :he occurrence of prefl ight  irxt'ect ious cihease, a 
raultifaceted pmgran; was adoptsd for  the f-ha1 weeks ber"ore l w c h .  This 
program consisted of: (1) isolat ing the crews to  the rna.uimum extent pos- 
s;lble i n  a clean room environment; (2) limiting t h e i r  cvntacts to  approxi- 
mately 150 individuals ; (3) k c e p i . ~  f hese indiv-;duals , called "Pri~a.7 

tt Contscts , under close surveillance for infectious disease ; and (4) main- 
taining a catalog of i l lness ,  i f  you w i l l ,  in the Brevard County, Florida 
axea. 

Tne Flight C r e w  Training Bf i ldhg and the Crew @arterr; - .ere 
iaentified as those places where the crew k3uld s p e ~ d  most of the i r  tiale 
during the f i n a l  preparations for  lamch. These areas were s e t  up on 
separbte a i r  conditioning systems incorporating 0.3 p f i l t e r s .  Pcsitive 
pressures wele maintained in these sys%ems re la t f  ve to  adjacent areas in 
the same buildings. Access t o  these areas w a s  res t r ic ted t o  the prrimasy 
contact group. When in the course of the i r  schedule ac t iv i t ies ,  the astro- 
nauts were required t o  spend t h e  h nonrestricted areas, they ei ther  donne6 
biological f i l t e r  m a s h  or  e lse  the nonrestricted area was cleared of ail 
indiv5duals sxre the Primary Contacts for a period of 1 h r  before the astro- 
ntiits arrived there. 

Jn the crew kitchen, special precautions were foiloved for  the 
ymc~~rement and preparation of food. D r i n k i n g  water samples for  r e d d u a l  
c U ~ r i n e  an& approxi,xat.ely 40 random  dabs for  bacter ia l  culture were ob- 
taiced daily ia 2he crew weas. Spec id  antiseptic c l e w  procedures 
were employed i n  the iraiu cleaning of t h ?  l iv ing areas, kitchen wid 
ba'hroo~is. 

Every effor t  was rtiade t o  ensure that, the pritmry contact ~ 3 u p  
was free from comnunicable disease. Comprehznsivz physical exbminations 
vere carried cut on these individuals when the program got under way. In 
addition to  the usual laborataxy work, the examination -hcluded chest x- 
rays, throat cultures, s tool  cultures, and serum ti-tera for  such viral 
diseases as aubella, Rubeola, and mumps. ImumLzations against nine v i r a l  
and bacterial  diseases were administered. The Primary Contacts were then 
plaeed under close surveillance for  mmnmicable disease. A t  the s l ightest  
s p ~ t o m ,  they were evaluated with appropriate physical and laboratory ex- 
aminatiors an& remved fron Primary ConCuact s ta tus  if disease was detected. 
The hezlth s t a t u s  of family and. other contactswas also a subject of con- 
cern. Ulnzss a t  bme pr chance expos9we t o  c o ~ i c a b l e  cijseasc was re- 
ported to  the Health Surveillance Team. Close check w a s  kept on the i l lness  
ruling through the commtini2;y 5~ l ia ison with the Count3 Health 3epartmnt, 
the pub1.i~ schools am5 -;he local  medical community. 



It :;as arqortant -to a t ta in  a comprehensive knowledge of the 
cu~m~unicable disease prevalent i n  t h e  area. Viral cultures, altibody t i t e r s  
and synlptom complexes were a l l  u t i l ized  tc catalog disease. 

Armed w i t h  an inventory of Brevard County microflora, we f e l t  
that  we l a d  a head start on the diagnosis and treatment of symptoms that  
night crop ur, i n  the astronauts. Preflight microbiology studies were done 
on the persons of the astronauts. Kn~wing the  tioburden carried by the 
crew when they l e f t  011 t he i r  mission, mare meaningful da5a could be acquired 
about the effects of space f l igh t  on these microflora by comparison studies 
aLter the  astronauts returned to  L a r t h .  

You m y  be interested i n  soruc of the resul ts  from the nission of 
Apollo 14. The observation period ran roughly from the ;&idle of December 
1970 u n t i l  the & d u e  of February 1971--the height of the winter virus 
season for  th5.s p m t  of Florida. Amng the primary contact group, we ex- 
perienced en incideilt of i l lness  3-$ per day with a prevalence of 4 t o  55. 
Close to 95% of  observed illness invglved the upper respiratory t rac t .  The 
pr!mary object of the program was achieved. The Apollo 14 crew was launched 
iti good health and remabe& free f'rom disease throughout the mission and 
the 3 weeks quarantine period wkich followed it. 

I n  sumnary, this health maintenance program, though new and some- 
what cmbersome, may have considerable significance on future concepts of 
the control of communicable dieease among healthy populations. 

Professor 23uchberg: 

14r. Edge (?owell-~dge Architects, Florida), posed the following 
questions : Airfiow--what m e  optimum speeds, temperatures, and humidities? 
Velocities--where does turbulence begin? That is, a t  what speed does air 
begin t o  - no% flow smoothly around a curvilinear object? 

Beginning with the first question dealing with "optimum" values 
of the &sign parameters, air speed, temperature and humidity; le t  m e  say 
that seeking an optimum implies (;he existence of a cri terion function 
which ~ L S  ~ 3 t  been defined by the questioner. I n  the design of engineering 
works we generh;ly would lClre t~ m u i m i z e  the benefit/cost ra t io .  It i s  
not yet pos;ible w i t h  the systems under Giscussion to  define a benefit/cost 
function. Tizrefore, the :ipecifica'cion af optimum values for  various design 
parar ?ters is not possible in a technical s2ase. The best that can be done 
now is to  suggest a range of va-.ues for  each of these garameters that  re- 
f l ec t  the experien , so far a c c w  '.ate& incllrding kn~wledge of specific 
effects investigated over -?my years. For " d i l ~ t i o n "  o r  "mdified dilu- 
tion" purging systems, z.0 air veiocity spec'fication is meaningful because 



of the random nature of the flow. For unidirectional flori systems, the 
suggested velocity i s  30 + 20 ft/min i n  the empty space. This specifics- 
t i o n  comes about from the integration of the folloriing experiences : 

1. Pressure drop through new HEPA f i l t e r s  is l es r  than 1/2 in. 
HrO which i s  a reasonable fan specification and assures long f i l t e r  l i f e ;  

L 

2. Purging and recove?y from transient disturbances is rapid; 

3. Normal flow i s  reestablished a reasonable distance downstream 
from smll blunt bodies; 

4. For well-designed systems, the dispersion downstream from a 
point source of contamination is within acceptable bounds providing a suc- 
cession o f  c r i t i c a l  spaces are not located downstream fran one another; 

5. Bzsed on Stoke's law for spherical part icles,  20 p or l e s s  
i n  diameter, the ver t ical  drop i n  a horizorltal flow f i e l d  w i l l  be a3out 
112 it or less  in 10 ft of horizontal displacement; and 

6. Perceptioa of air movement i s  minimal--equivalent to  stand- 
ing i n  a 1.5 mph wind. 

The specification of air temperature and humidity i s  quite elu- 
sive. If it is acceptable to  base therraal requirements on Comfort Criteria,  
the ASHRAP recommendaticns which are based on subjective experiments with 
human subjects performed by investigators over many years s h u l d  be applied. 
The recommended thermal condition is  described in terms of an arbitrary in- 
dex ( ~ f f e c t i v e  Temperature, ET) which accounts for  both a i r  movement and 
humidity but essentially neglects radiation exchange. To achieve thermal 
ueutrality A S W  recommends an ET of 68OF during the winter and 71°F dur- 
ing the summer. Tliese values should be s l ight ly  amended t o  take account of 
radiation exchange with elevated temperature surfaces such as luminaries. 
The desirable ET value must then be translated into combhatians or' a l r  
temperature and humidity taking account of a ir  mvement and personnel ac- 
t i v i t y  level. 

Fac,ors other than comfort a lso  need to be considered i n  the 
operating room. For e x q l e ,  it has been sbwn that  re la t ive humidity held 
between 50 to  55% i s  more l e tha l  to  certain bacteria than lower humidities. 
Fle ninimization of drying potential near the wound site may also be im- 
pci-i;ant. ASHRm recommends a re la t ive humidity of 505 for  operating rooms. 

I! * 'rHandbook of Fundamentals, published by the American Society of Heating, 
Ref'rige-at ion and Air-Conditioning Engine e rs  , Chapter 7 (1967) . 



t 1 To answer t h e  second question: Where does turbulence begin, 

t h a t  i s ,  a t  what speed C ~ e s  a i r  begin t o  - not flow smoothly around a 
curvi l inear  object?"  l e t  us consider what hapwed when a long (6 in .  
diamci,er) cylinder i s  immersed i n  a uil ifom veloc i ty  flow f i e l d  such t h a t  
i t s  axis  i s  perpendicular t o  the d i rec t ion  of flow. For Reynolds Numbers 
( ~ e )  less than about 0.5 o r  an a i r  ve loc i ty  (v) st  80°F l e s s  than 0.01 

r i c a l  about t h e  axis o f  the ft/min, the  flow pa t t e rn  is  pe r fec t ly  symnet, 
cyiinder.  A t  Re e 10 o r  v 2 0.2 ft/min a d e f i n i t e  small zone of separa- 
t i o n  form downstream of  the  object .  A t  Ee 2 50 o r  v 2 1 ft/min the wake 
develops a waviness o r  o s c i l l a t i o n .  A t  Re = 200 o r  v .- 4 ft/min a wel l  
developed system of a l t e rna t ing  vor t ices  dowr.stream of t h e  cylinder i s  
observed and f i n a l l y  at  Re 2 lo4  o r  v = 200 ft/min the  wake becomes f u l l y  
turbulent.  

I am not sure of the  point the  questioner had i n  mind, but one 
thing t h a t  c a ~  be in fe r red  is t h a t  a f t e r  a i r  flows through a HEPA filter 
bank and pro tec t ive  perforated, p l a t e  a t  a face ve loc i ty  of  about 106 ft/min 
there is superimposed on t h a t  flow a sca le  o f  turbulence. Hbwsver, the  

11 important point in the  laminar flow clean room" concept is t h a t  e s s e n t i a l l y  
unid i rec t ional  flow r e s u l t s  i n  t h e  r ap id  purging of a space of p a r t i c l e s  
generated i r l  the space o r  p a r t i c l e s  t h a t  penetrated the  space ~ZIorn without. 
Small sca le  turbulence superimposed on t h e  flow does not a l t e r  the purging 
qual i ty .  It is  only when l a r g e r  sca le  r ec i rcu la t ing  vor t i ces  form in t h e  
c r i t i c a l  space t h a t  t h e  cleansing e f f e c t  i s  6egraded. 

What is the i d e a l  t e ~ p e r a t u r e  f o r  a laminas flow operating room? 

D r .  Leinbach: 

I wanted t o  comment on t h a t  a b i t  ago. There has been recent  
l i t e r a t u r e  i n  the  AM, Journal  about tl . lLs,  t h a t  the  ideal. temperature f o r  
the  pa t ien t  i s  75'. D r .  Bechtol and I have discussed w h a t  i s  the  idea l ,  
comfortable temperature f o r  t h e  surgeon--we a r e  paying a l i t t l e  a t t e n t i o n  
t o  him too, and I wi l l3  discuss  tha-l--and someose a l s o  asked me if we can 
eliminate o r a l  exhaust systems with laminar flow? But i f  the  AMA wri tes  - 
an a r t i c l e ,  OF someone with r e l a t i v e l y  good documentation does so,  and 
s t a t e s  t h a t  t he  comfort of t h e  pa t i en t ,  t h e  i d e a l  p&sio logica l  temperature 
f o r  him i n  the  operating room i s  75O, and if you reduce h h  t o  65' and he 
has a c h i l l ,  the  c h i l l  cons t i tu tes  a type of  shock. So I thin& i d e a l l y  
you would keep the  p a t i e n t ' s  surrounding temperatur? a t  75O ; YO; may have 
t o  use hot water b o t t l e s  around the  p a r t s  noti in s ide  the  " s t e r i l e  room. t I 



D r .  Ulrich: 

I jus t  wanted t o  f o r t i f y  some of the stetements on humidity where 
bac te r ia l  survival is  concerned. Staphylococci survive l e a s t  well at  SO$ 
re la t ive  21umidity. Gram negatives die off very rapidly a t  almost any 
humidity below 65% so 50$ probably is  optimal. 

Comment : 

The comment I had was referenced t o  the optimal temperature; 
obviously, that  is a b i t  controversial. I tilink that--  I have not seen 
any data on measuring the tempsrature of the  3a t ien t  adjacent--underneath 
the operating room drapes, and I think IlLs is  where the problem ar i ses ,  
that if  the  surgeon is  working i n  a room tha t  is  63" and has a re la t ive ly  
impermeable gown, o r  paper drapes--the old  soft gowns have obviously per- 
mitted much m r e  evaporation than the paper o r  p las t ic ized unit--and in 
tha t  s i tua t ion  i f  you work in 68' you very rapidly become too wamn; at 
l e a s t  I ao, especially when working. NOE the  pa t ien t  i s  a lso  under a se r ies  
of drapes and I ' m  sure that his temperature does not fa l l  t o  the  room tem- 
perature. Now, when you a re  working i n  an exhaust system, then tha t  is, of 
course, quite  another thing; then I think your temperature could be up, but 
I think you have got t o  define which system you a re  wrk ing  in .and a lso  the 
r a t e  of flow t h a t  you w e  working in too, because if  you are wrk ing  2.n a 
crossflow or  downflow sycstem then without anything you a re  obviously going 
t o  be cocied m r e  rapidly than you would i n  the  usua l  conventional operating 
room. 

D r .  Whitfield: 

I t h h k  this whole thing is buried in a ra ther  complex se r i e s  of 
considerations, when you are talking ab0u.c airflow velocity. The statement 
made about the increased turbulence occurring with the  higher veloci t ies  
is t rue  for  some l imited conditions; however, the  thing t&t you must con- 
s ider  i n  this framework is tha t  more rapid recovery o r  cleanup occurs even 
i n  turbulent zones, with higher airflow velociiiies . Generally speaking, ih 
sn ind.ustria1 clean rooni s i tuat ion,  which is not too unlike what we a re  
talk %bout here, the  higher airflow veloci t ies  w i l l  usually r e s u l t  i n  
much er contanination levels ,  becatrse of  the more rapid recovcry i n  
turbulent areas as well as the  en t i r e  clean room due t o  be t te r  p a r t i c l e  
flushout capabi l i t i  es  . 

lvk. Marsh: 

I am the only one on the panel that : I 'E not spoken before, so I 
am not answering aay predous  fiiscussion. I would l i k e  t o  discuss a num- 
ber of questions rel.a?,ed t o  an area t ha t  has been mentioned, but not 



discussed. This  i s  the best method for  frequent c:leckout of the  f i l h r s  
and cval~iat ion of the performance of the laminar flow systzm. I n  addition, 
I want to  point out the importance of cert i fying the clean room i t s e l f  as 
well as evaluation o f  the t o t a l  s i t a s t  ion, including the ~ ~ g i c a . 1  procedure. 

I wrote a paper many years ago about the application, or  the  
adaotabil i ty of laminar airflow, which described the clean room as a too l  
t ha t  can be well d e f i e d .  How that  tool  is  applied, and i n  t h i s  case, 
how it i s  applied to  surgery gives r i s e  to  considerable discussion as f a r  
as the c l e m  room i t s e l f ,  par t icular ly  the  laminar f l c ~  room. We know 
quite precisely what i t s  capabi l i t ies  are. They have been evaluated f.n- 
dua t r ia l ly  fo r  c i t e  a number of years, and jus t  t o  r e i t e r a t e ,  i n  the lapi- 
nar flow room the, things arz p a r w u n t ;  one i.s the fZl t ra t ion efficiency, 
the second i s  the  airflow pattern. These two factors  b a s i c u l y  define the  
room performance and must be care*l.l.y evaluated t o  assure optimum per- 
formance 

F i l t r a t i on  efficiency basical ly has 50 do with the  removal of 
par t i c les .  The most effect ive way t o  evaJxate t h i s  parameter is t o  intro-  
duce a par t icula te  challenge t o  the  system and. then see how many of the  
particles go through. The standard f i l t e r s  a re  high-efficiency f i l t e r s  
which have a manufacturert s spe.-ification of no greater than 0.03$ penetra- 
t i o n  a t  the 0.3 level.  This can be established by creating an up st rear^ 
p a r t i c l e  challenge, measurix t ha t  challenge, putt ing the challenge through 
C:le f i l t e r s  and then measurj-ng downstream. The lave1 that i s  established 
i n  t h  Federal Standard is no greater than 0.01$ penetration. T h i s  was 
specif izd because the typical  chailenge is not homogeneous. A i r  operated 
generators are  -lormally used which give a pa r t i c l e  d is t r ibut ion with some 
largeT p r t i c l e s  and some smaller then 0.3. The 0.01$ penetration value, 
thus, exceeds s l i gh t ly  the  0.03 penetration allowed bN the  f i l ter manu- 
factrlrer on 0.3 par t ic les .  It i s  a lso  a good range which is easy t o  achieve 
with the available instrumentation. The test is accomplished w3 t F ,  a l i gh t -  
scat ter ing opt ica l  device which provides an immediate readout .; the ev n t  
of leakage. So t h i s  then establishes the eff iciency of the f i l t e r s .  This 
r e l a t e s  t o  D r .  Whitfield's paper, and one other speaker who showed the  po- 
t e n t i a l  of the f i l t e r  system leaks. This inclu6es the f i l t e r s  theuselves 
as wcll  a s  the construction quality and in t eg r i t y  of the room system. 

T'ne tes-bs should be done about every 5 months because cf the 
aging factor  and the economics of t es t ing  these systems. 

The second factor ,  then, i s  airflow. Airflow cm be simply m a -  
sured with a velameter and v i t h  visual  smoke pat tern t e s t s .  L i m i t s  again 
are established by the Federal Standard a t  90 t 20 ft/min average floh 
ra.te. Certifying the f i i t t l r  efficiency and the  airflaw character is ti.^^ i n  
terms of veloci ty and direct ion establishes the efficiency of the room. 



The efficiency of how that room is applied or adapted to  surgery and the 
assessment of its medical efficacy is a question which must be primarily 
answered by the medical profession. 

Did I hear you correctly--did you reconend that  f i l t e r s  be 
changed every 3 months? 

&Mr. Marsh: 

I reccnau?nded that they be testeci th is  o*n. This is our ex- 
perience, which has been verified in  industry. 

How do you know when to  change the f i l t e r s ?  

I@?. March: 

me filters must be changed ;&en the M o w  can no longer be 
maintained by the a i r  fans. In other words, the measurement of the airflow 
w i l l  determine when the filters must be changed. 

Isn't th i s  extremely important From a legal point of' view? 

Dr.  kiribach: 

Right. A point about checking the HEPA filters. If there is a 
question of negligence action against the hospital, in the earthquake area, 
the first question I w o u l d  ask is, since you had the sarthquahe, have you 
checked ycur IIgPA f i l t e r s?  

Shauld a portable unit be tested each time it is moved? 



Ylr . Sivinski : 

You probably should because every time you move a portable system 
or you make some structural ~hange, or something like that, the integri* 
is very apt t o  be violated. You need to do this  periodically. And Claude 
has brought up a good point; you need to  do it even i f  you do not have an 
earthwake, and another point tm, is measuring how dir* your f i l t e r s  are. 
You, of course, measure this  by the amount of a i r  pressure drop across the 
f i l t e r s .  If there are no holes developing through them, they st i l l  tend t o  
clog up over a period of time; however, the l i f e  of mP.4 f i l t e r s  is some- 
times fantastic. In very dirty areas, use good clean pref i l ters  ana change 
them regulariy. We have got systems that have been going--how maqy years?-- 
5, 6 years, and that is good because mPA f i l t e r s  are not cheap-- they are 
one of the most expensive parts of the clean-room installation. 

Dr.  kinbach: 

I question the expensiveriess of HEPA filters. How much are they? 
Eighty dollars apiece? This is not too high a price for clean air .  

Mr .  Sivinski: 

?hat is true. But that  is not the only cost; that  is just the 
cost of the acquisition. 'Ihe actual installation, recementing, and testing 
w i t h  a photometer of every square inch of that face; it mounts up to  con- 
siderably more than that. I do not disagree with what you are s@=; Co 
not misunderstand me. But, you do not get it out of petty cash--the 
secretary does not carry it aroma. 

Another point, in  checking HEPA f i l t e r s  and particularly in  
horizontal flow rooms where the filters are sanewhat susceptible to damage, 
is an occasional visual check. fihis is a very wise idea i n  the case of a 
ceiling bank or in the case of a horizontal filter w a l l .  'Ihey're very 
easily damaged, and a very quick visual check even almost on a daily basis 
i s  a good idea. 

Mr. Sivinski: 

By the way, I did not introduce .?&. Claude Marsh here on my left-- 
on your right--who answered the l a s t  question. We have a l l  gone around one 
time, and we w i l l  give the boom operator a chance to answer a question which 
c a m  in  here addressed t o  one of the s ~ a k e r s  who was here yesterdw, 
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Dr. C a r l  Nelson. Is Dr. Nelson here? ?he question is: "Is your module 
made by De~uy-,9gnew?" 

D r .  C a r l  Nelson: 

It was made by Agnew-Higgins. 

Mr. Sivinski: 

Do you have trouble keeping people out of the upwind area? 

Dr. C a r l  k lson:  

No; you just  don't l e t  them go there. 

Mr. Sivinski: 

%ay, then ne--this third one is addressed to you too; do you 
bring beds into the OR? 

Dr. C a r l  Nelson: 

Yes, and we are changing that now so that we have an apparatus 
t o  transfer them to the operating roam and not l e t  it go beyond the mark 
i n  the surgical area. 

Mr. Sivinski: 

Here is  another general question; " ~ a m o t  the a i r  be cooled i n  
the clew-air system t o  prevent the r i se  i n  the room temperature complained 
of or does it have to depend cn a separate efficient air conditioning system 
in  the operating room?" Of course, that is an archi tect-engineer Qpe 
problem. If you have a complete system on recirculating a i r  that also pulls 
c u t  SO much air ,  air conditions it, and brings the tempera- dawn as you 
&re bringing it in ,  sure you can have a system that, in fact ,  does drop 
the temperature down. Whether you have got roam to  do th is  when you are 
changing existing fac i l i t ies ,  is a horse of another color; vsry Frequently 
it is difficult ,  because it does take a l o t  of space; it takes refrigeration, 
new air ,  makeup air-- tais kind of thing, So the answer to that, of course, 
is an architect-engineering problem, as I s q ,  but it can be done. But 
whether i t  is possibly based on the dimensional limitations gou h m ,  if 
you are changing an existing roam, you iave to have your A&g departRlant 
take a look a t  that problem, 



Professor Buchberg: 

Jack, I think Claude may want t o  ta lk  about the peak cooling ca- 
pability incorporated in  our system; that is, liquid nitrogen cooling. 

M r .  Mrsh: 

I have no knowledge of the details of that system. 

Professor Buchberg: 

Well, I thought you knew the details of it. This was a case where 
the available hospital a i r  conditioning was insufficient for peak load re- 
quirwents. The basic concept i s  t o  inject liquid nitrogen into the air  
stream as required during peak load periods. 

M r .  Ag~ew: 
i hgnew -~iggins,  calif ornia) 

We have a very fortunate circumstance in ';his regazd of additional 
heat. If you put equipment of this nature into an operating roan, it is 
very likely that 3-ou are adding a heat load that  the roam is not designed 
to  take care of. And this accounts for  the temperature r i s e  that  we bve 
been hearing about. But there is also a built-in factor called 1ooqb exhaust. 
These a i r  changes that are brought through the surgical suite are exhausted 
t o  the outside atmosphere, and not recirculated. So i n  every operating roam 
we have 3 or 400 cubic fee t  of a i r  we are going t o  th row away anyway, and in 
our systea we throw that  out thraugh the laminar f l o w  equigent; therefore, 
it picks up the heat and exhausts it and does not a l l a w  it t o  get into the 
occupied area. 

Miss Peers: 
( ~ s s o c i a t i m  of Operating Roan Nurses, colorado) 

A very nnm- kind of question; the emphasis has been primRrily 
on orthopedic surgery, except for D r .  Clark's discussion on cardiothoracic 
surgery. Am I hearing from this panel that  the optimum wuuld be for lami- 
nar airflow i n  a l l  surgery roans, or is this only particular t o  the prob- 
lems that  you have discussed orthopedically. 

D r .  Leinbach: 

We want t o  give everybody the best, and if we agree that we need 
discipline in these units that we are talking about--let us start frm 
scratch and say, "Can I prwe that this clean air roam has made a differ- 
ence in my surgery fram the standpoint of reducing infectian?" I cannot. 



But I know what it  has done to  my personnel. I operated i n  South America 
10 days ago; there were 22 surgeons in the room talking Spanish, and when 
Spanish is spoken, the bugs are stronger; I mean, they do it with emphasis 
and even the gar l ic  that  they have on the i r  breath w i l l  not kill the bugs. 
But there were 22 people in the surgical amphitheater standing around me. 
When I first started with nly present t o t a l  hip operation, there were three 
afid four people observing. Now I do not care whether t l ~ e r e  a re  six o r  
seven. They are  outside the enclosure. Not only that ,  what about the 
personnel; w i l l  they w e a r  hoods? Will they wear the masks? W i l l  they do 
what I ask them to  do? They w i l l  i f  you have a s e t  of rules and say,  ere 
is a room; t.his is an enclosure; we are  proud of this; and everything is  

It cleaner here than it i s  across the way. This is a discipiine; you begin 
with some rules and regulations, even if you ha; to build a box around it. 
Certainly the neurosurgeons w f l l  use yotu: room; and so w i l l  the thoracic 
surgeons. I read recently about new hospitals in Australia. The ent i re  
su i te  of operating rooms are HEPA f i l tered.  So your question would be 
answered by what are other people doing. If the Australians can have 
cl.ean air all over, I think we should; I think it constitutes a maximum 
en-qiromnt. Everybody is polluted. You saw the film here yesterday. If 
I dri-ve from my home t o  the hospital and I follow a bus, I am certainly 
contaminated when I get there. And another thing that no one mentioned, 
I worked for  uncle who was an orthopedic surgeon. He would not a l l o w  
us to  have a BM the morning we operated unless w e  wore gloves for  cleansing. 
Human feces are m r e  than 5 6  bacteria. And before we operated, I soaked 
q y  fingertips in 75 iodine for  3 min. Think about a l l  these l i t t l e  things. 
You clean up the whole room, and all of a sudden you bring a bunch of boobs 
into  th i s  room; l ike  a Cadillac with a hippie convention i n  it. 

I thfrik that  Miss Peers has presented us with a very germane 
1 I question and I am not certain where the current in te res t  in lamiar air- 

flow" w i l l  lead us. There are definitely surgical procedures which have 
a higher r i sk  for infection. A t  my former ins t i tu t ion  i n  New York, the 
Hospital for  Special Su~?gery, I think the s t a t i s t i c s  would show a negligible 
infection ra t e  in c?-ean hand cases and others have shown that  a very l o w  
ra te  can be anticipeted even when there has been significant contamination 
from hand injuries as long as there has been proper surgical debridement. 
Obviously, then the hand. i s  a special anatomical area which would be 
considered low risk. Perhaps t h i s  is due to abundant blood s~pply or  
perhaps specialized lymph structures which provide protection from in- 
fection although hand operations are also usually of short duration. 

Some other areas or procedures are not so easily classiffed, but 
I believe that  ax)y surgery where implants are used, especially large im- 
plants such as t o t a l  hip replacement, constitutes higher r i s k  surgery 
with respect to  post-operative infection. I am certain tha t  there a re  pro- 
cedures within other surgical specialt ies which have similar high r isks  



especially where implants are used. Among these procedures which do not 
involve implants, joint reconstruction, long operative procedures o r  those 
attended wfth hematoma formation also must be considered high risk.  

However, most of these are subjective impressions and not based 
I 1  on facts o r  well controlled studies just as the importance of laminar 

flow" remains t o  be established. A t  this time, there is  l i t t l e  to  recom- 
mend that  a l l  operating rooms be converted t o  laminar flow u n t i l  more 
data are available. It nust be remembered that  a contaminated object in- 
appropriately placed near the open wound in a high-velocity flow could 
potentially increase contamination and that  the pract ical  effectiveness 
of these systems during actual  o r  simulated procedures very much needs t o  
be investigated. This must be done for  different  types of procedures where 
the personnel and l ight  arrangements are different.  However, if a hospital 
is  planning a new addition with new operating rooms, laminar flow is some- 
thing t o  consider. I agree tha t  aqy reasonable measure should be taken to 
minimize the r i sk  of infection and improve the operating environment, but 
I d i f fc r  from Dr .  Leinbach i n  that  jus t i f icat ion is necessary to  keep the 
spiraling medical costs w i t h i n  reason. I would l ike  t o  point out once 
again how effective the use of prophylactic antibiotics and other control 
measures outlined seem t o  have been i n  minimizing the incidence of post 
operative la ten t  infection in t o t a l  h ip  surgery. 

Dr. Leinbach: 

I have a ca;rrment and since there has been a reference t o  me, I 
would l ike  t o  say that  if  cement is approved, it will cost the United States 
government $30 million i n  the f i r s t  year for  hospital care, rehabilitation, 
etc.,  on Medicare alone. There w i l l  be roughly 10,000 hip replacements a t  
a minimum cost of $3,000/operation. Infected cases, double the cost. 

M r .  Agnew: 

I must disagree respectn;llly with Dr .  Amstutz. I think that  
lambar flow will save money, not cost money. In one of the speeches yes- 
terday, it was brought out tha t  we are spending a couple b i l l ion  dollars 
a year taking care of patients who get infections. Another s t a t i s t i c  I 
have heard is that  every day the patient  stays in  the hospital increases 
his r i sk  of infection by I$. This has got t o  be a burden on the hospital 
and a burden on the tamayer and a burden on everybody. If we can avoid the 
infections that cause th is ,  which laminar flow can do, not only in surgery 
but i n  the rest of the hospital, it w i l l  immeasurably reduce the cost of 
medical care. People will be able t o  leave the hospital sooner because 
they won't get something tha t  thw did not lave when they got there. They 



w i l l  get over what they had when they got there sooner. I think the fi@;ure 
was $7,000 that  it costs fo r  each surgical  infection. Tho infections w i l l  
pay for  converting a hospital su i te  to  a laminar flow, and i t  i s  good for  
the ndxt 10 years, 

After 6 months of intensive l i t e r a tu re  research, I think the 
majority of opinion i s  tha t  the endogenous orgallisms are mostly causing 
infections, and therefore, there is no r e a l  proof tha t  the laminar flow 
devices are going t o  lowar the infect icn r a t e  appreciably. 

3. Harter, since you were describing the methods you go through 
in  get t ing the astronauts i n to  the capsule, what were your reasons fo r  
choosing t o  use HEPA f i l t e r  applications . nd other clean room techniques 
for  keeping your people i n  a s t a t e  of good health jus t  p r io r  t o  the launching? 
Did you have reasons for  using clean room techniques, f o r  i sola t ing them and 
keeping them i n  good health? 

D r .  Karter: 

Yes, we f e l t  t ha t  the ins ta l l a t ion  of HEPA f i l t e r s  would tend t o  
cut down on the  chances fo r  exposure t o  airborne infect ive  agents. No one 
expected that filters would eliminate v i r a l  disease except t o  the extent 
tha t  they fi l ter out dust t o  which the  viruses adhere. The program of 
health x r v e i l l a n c e  carr ied out here a t  Kennedy Space Center was not air- 
t i gh t  because people do not l i v e  in an a i r t i g h t  world. When the  subjects 
did leave the clean-room areas, we t r i e d  t o  get  them t o  wear masks, but it 
was not always pract ica l  t o  do th i s .  Therefore, our "reverse quarantine" 
program did  have gaps i n  it and because of these gaps, one must accept the  
poss ib i l i ty  tha t  the  success of the  program could, .to some degree, be based 
on chance. It is  mly own feel ing t h a t  the use of clean room techniques is  
a v i t a l  component of a disease control program such as the  one we employed 
pr io r  t o  Apollo 14 and w i l l  continue t o  use in  the  future. 

M r .  Sivinski: 

A l l  r igh t ,  we w i l l  start the second round of  questions. I guess, 
John, since you were first last tzme, w e  w i l l  l e t  you be first again. 



D r .  Ulrich: 

Thank you, Jack. There i s  a ser ies  of questions here re la t ing  t;o 

organisms in the air,  i n  the wound, and survival i n  re la t ion  t o  infections. 
1% has been already amply s ta ted  by both D r .  Clark and D r .  Arnstutz t ha t  we 
have t o  be concerned with a l l  organisms i n  the a i r ,  even those of low patho- 
genicity t ha t  rre comtnonly carry on the skin and i n  the gut. Any par t icular  
organism may ac t  as  a pathogen for  any part icular  pat ient ,  and tha t  we have 
t o  keep i n  mind. We should be concerned with a l l  orgatllsms even though many 
of these may be of very l o w  virulence. You'll r e c a l l  t ha t  D r .  Clark yester- 
day mentioned tha t  he had s i x  infections caused by Staphylococcus epidermidis, 
which we carry on our skin. I t 's  a very law-grade pathogen. But once it 
causes an infection, i t ' s  jus t  a s  dangerous a s  any other pathogen. We should 
be soncerned with a l l  organisms and the i r  removal. There are  questions a l so  
a s  t o  organisms i n  the wound, especially the German report  of 51$ of the cases 
having organisms i n  the wound in  a turbulent system and none i n  a laminar 
flow. I 've not seen, other than a popular report,  exactly how t h i s  work 

done. Something very similar was done i n  t h i s  country by John Burke 
i n  Boston who finds a very high percentage of h i s  cases have organisms i n  
the wound. The mere f a c t  that  you have an organism i n  the wound does not  
necessarily mean t ha t  you have an infection. This term infect ion is t rea ted 
szmantically different by d i f ferent  people. There are  sane microbiologists 
vnfortunately who use the term infection t o  indicate simply the mere presence 
of an organism. I can't  accept t h i s  part icular  def in i t ion of an infection. 
To me, an infection is  the presence of an organism with t i ssue  invasion and 
t i ssue  response. If you want t o  accept th i s ,  then the mere presence of 
organisms i s  not an infection. I l i ke  t o  think of an infection a s  a balance; 
i n  one pan you have an organism t h a t  has a l l  i t s  factors ,  invasion, virulence, 
and so for th ;  and on the other pan you have the host 's  response, the t i ssue ,  
the c e l l  response, and serologic response. I f  the host has a bet ter  armament, 
h i s  pan i s  going t o  be heavier and he 's  going t o  win. I f  the invading orga- 
njgn i s  bet ter  equipped t o  overcome the defense of the  host, then you're going 
t o  have a t rue  infection. I t ' s  not a simple thing of jus t  having organisms 
present. 

A question here on, "What i s  the recommended period of time t ha t  
we should leave a surgery empty a f t e r  infected cases?'' It can be used immedi- 
a t e ly  a f t e r  a good cleanup. Cleanup procedures h.ave been researched by a 
group i n  the American Public Health Association and have been published. 
The important aspect is  mechanical removal, but proper use of germicidal 
detergent is a factor.  

A question asking, 'khether pseudomonas has wen cultured from a i r  
i n  the operating room?" Yes, we have dcme it on occasion, ra ther  uncommonly, 
however. 



D r .  Whitfield: 

Jack, I have a question herz, "Please analyze the various types 
of uni ts ,  the ver t i ca l ,  the horizontal, and the wall-less horizontal, and 
please classif'y them i n  accordance w i t h  Federal Standard 239a." The ve r t i ca l  
room is  Class 100 over the en t i re  room; and r ea l ly  what we  are talklng about 
there i s  t ha t  the air does not pass more than one work location i n  the room. 
Work location i s  the thing tha t  contamiriates the a i r  i n  laminar airflow sys- 
tems. In other words, how mny people did it pass? 

Nm i n  the horizontal laminar flow s i tuat ion,  fo r  indus t r ia l  use 
where you have a room some 50-60 f t  long with a number of workers upstream 
of the points which you measure, a room w i l l  normally meet Class 10,000. 
This s i tuat ion does not pertain t o  the surgical  su i te  where you have one 
work location, namely, the operating room table  and surgical  team. The 
downstream t o t a l  par t i c le  count i n  an average horizorltal room w i l l  more l i ke ly  
be 5,000 par t ic les  per cubic foot than 10,000. Federal Standard 209a speci- 
f i e s  t ha t  Class 100, Class 10,000 and Class 100,000 are operational par t i c le  
count levels  a t  the c r i t i c a l  work site. Thesz levels  do not represent the 
a i r  quality entering the clean room area. Certainly, if you have a good 
laminar flow system with the f i l t e r s  sealed properly, probably you w i l l  not 
be able t o  detect more than a par t i c le  or  two per cubic foot ,  even with a 
good counter i n  the incoming a i r .  So we are  talking about a working s i tua-  
t ion fo r  the laminar flow clean roam. 

And the t h i rd  par t  of t h i s  question i s  concerning the performance 
of the wall-less horizontal fluw type unit .  Again, you s t a r t  from the f i l t e r  
bank with Class 100 c o n d i t i ~ n s  ; however, when you deviate from wha.t I c a l l  
a hard system which has side walls t o  guide the a i r  and a balanced a i r  e x i t  
wall, there is  a s l i g h t  degradation of control a s  you move away from the f i l t e r  
bank This may not be a l l  bad, because it may do the job you want t o  do; so  
I think you have t o  look a t  the s i tuat ion t o  evaluate -he performance of the 
wall-less horizontal units.  A s  you move away f r m w  f i - t e r  bank there i s  
always a tendency fo r  the air  t o  short-circuit  but maybe for  your par t icular  
requirement you can to lera te  the degradation i n  control. Getting back t o  
the question we discussed previously regarding how much control should be 
exercised i n  the surgical  su i te ,  I think you must investigate your requirements 
and use the proper device. This is very similar t o  what we faced in industry 
some 8 t o  10 years ago, and we f i n a l l y  adopted the philosophy tha t  mny t h ~ s  
it i s  more economical t o  go well  beyond your requirements than it is t o  find 
what your exact requirements are,  par t icular ly  if your requirements are  con- 
s t an t ly  changing or d i f f i c u l t  t o  define. It appears t o  me, as  D r .  Ulrich 
and others have said about the infection s i tuat ion,  t ha t  i f  is  continually 
varying with pat ient  resistance and the type of infectious organisms present. 
It may be more economical t o  go 60 full control than t o  t r y  t o  ascer ta in  an 
exact l eve l  required f o r  a given s e t  of conditions. 



D r .  Leinbach: 

I have a question from D r .  Harold Hansen (The Hospital Center a t  
t' Orange, New ~ e r s e ~ ) ;  he says, Can we come t o  a concrete conclusion regard- 

ing the vi r tue  of space su i t s  versus hoods and exhaust systems?" Well, I 
suggest a combination of hood and gown w i l l  cool the body t o  a comfortable 
level ,  and will also  remove the f a l l ou t  and the epidermal scales by suction. 
For example, the Charnley g a m  does not have f i t t i n g  shoulders. This per- 
mits passage of a i r  over the body in to  the exhaust system. I tend t o  sup- 
port the higher temperature i n  the room (70'-75"~).  F i r s t  of a l l ,  because 
I ' m  perhaps a slower operator than D r .  Bechtol and I need tha t  extra 20 min 
tha t  I can get  from the cemer.t curing more rapidly. I am not uncomfortable, 
If I ha\-? an adequate exhaust system, such a s  a modification of a Charnley 
or any of the Charnley combination hood and gown, I am comfortable a t  75'. 
One of the reasons I moved t o  Florida i s  t ha t  I w a s  never warm anywhere e lse .  
So I like a temperature of 75'. Someone e lse  mentioned t h i s ,  a b m t  the d i f -  
ference in  people's workability in dif ferent  temperatures and tha t  the ex- 
haust system gives comfort t o  the operating team, which again D r .  Bechtol 
asked me t o  emphasize. So the exhaust system I think, a t  l e a s t  the combina- 
t ion of the hood and gown, w i l l  cool the body, and I think we can ' t  come t o  
any concrete con~J.usions fo r  everyone, but I ' m  more comfortable i n  it and 
tha t ' s  enough conclusion for  me. 

D r .  Hansen's second question is,  re there any cuncegts of localized 
lamjnar airflow i n  which a f a i r l y  portable un i t ,  comparable t o  the bench models 
used i n  industry, have been devised?" Well, I'm going t o  ask Claude Marsh 
t o  answer tha t ,  but I 'll ask one thing. Have any of you ever worked on a 
bench? I v i s i t ed  the Minneapolis Honeywell Plant i n  St .  Petersburg, and s a t  
a t  a bench. I lecrned tha t  the airflow depends on the size of the object 
you handle. I f  you're using a small object, you have a di f ferent  s i tua t ion  
than a large one; i f  you're working your hands horizontally you need the 
horizontal flow; i f  you're working you hands ve r t i ca l l y  you need the v e r t i c a l  
flaw. I ' m  trying t o  learn  from the indus t r ia l  workers and u n t i l  you put 
yourself in to  L si tuat ion,  you never know why a truck driver gets a backache 
u n t i l  you drive h i s  truck. What about it Claude, can you answer t h i s  question 
abuut the portable uni ts?  

Mr. Marsh: 

This r e l a t e s  t o  controlling, say, only the c r i t i c a l  surgical  s i t e  
a s  opposed t o  controlling the en t i re  room. There have been some things done; 
there have been some reports  i n  the l ' terature and I think the various com- 
panies making the laminar flow devices have a t  one time or another probably 
manufactured or  used localized control devices f o r  controlling smaller areas. 



The smallest area control t ha t  I know of is  what D r .  Beck a t  Guthrie Clinic 
has plsyed around with fo r  a number of years, jus t  a L f t  diameter r ing t o  
control the area r igh t  around the wound s i t e .  D r .  Leinhach has been think- 
ing i n  terms of somethirlg he can t ~ a n s p o r t  with him that  would control jus t  
the surgical table and maybe the team jus t  around the table.  A number of 
these kind of devices are  available and could be adapted. I think t h i s  ax.- 
proach t o  the s i tuat ion i s  def in i te ly  a compromise i n  crder t o  achieve p ~ r t a -  
b i l i t y ,  yet  a t  the same time achieve some local  control.  I don't think these 
uni ts  w i l l  replace or achieve equal r e su l t s  with the t o t a l  room. It i s  pos- 
s ib le  t o  control a very small area or scale it up as  large as  possible. 
I t ' s  a matter of how much do you want t o  control and what are the fac tors  
for  consideration. D r .  Clark i n  h i s  heart  rcjom cantrolled only par t  of the 
ent i re  room for  economic reasons. Most of the room-within-a-room systems 
attempt t o  control, i n  the case of hip surgery, approximately a 1-0-ft square 
area, because t ha t  i s  f e l t  t o  be adequate. 

D r .  Leinbach: 

11 D r .  Hansen has another question; he says, I n  view qf the apparent 
fac t  tha t  turbulence i s  going t o  take place over the  operative area, i s  there 
demonstrable proof tha t  ve r t i ca l  or horizontal airflow i s  more e f f i c i en t  a t  
t h i s  point?" Nuw, t h i s  i s  s e m t i c s ;  t h i s  i s  a loaded question, fo r  the 
simple reason tha t  what i s  demonstrable proof? I don't want t o  go on record 
for  t h i s  i n  part icular ,  but there are  many variables t o  decide how you can 
demonstrate tha t  turbulence i s  taking place over the operating area or 
pruve tha t  ve r t i ca l  or  horizontal airflow is  more e f f ic ien t .  I can only 
quote from, fo r  example, a paper by Louis L. Corriel,  "Use of Laminar F l m ~  
i n  Surgery." I ' ve  just asked my colleague on the r i gh t  whether t h i s  man i s  
acceptable a s  an authority,  from the In s t i t u t e  of Medical Research i n  Camden, 
New Jersey, Department of Pediatrics,  School of Medicine, University of 
Pennsylvania. "The theoret ica l  objection t o  horizontal flow i n  the operating 
room i s  t h a t  a cone of contaminated a i r  extends across the room downstream 
from every occupant i n  the room. This makes it d i f f i c u l t  t o  keep the pat ient  

11 i n  freshly f i l t e r e d  a i r .  This i s  a statement from a man who supposedly i s  
an authority. I would say, how can you control anything i n  an operating room 
wi.Lh four people moving around? One of the reasons i s  that i f  n~ ass i s tan t  
walks around me,  he e i ther  steps on my exhaust tube or he twists up h i s  uwn 
tube and then the both of us are asphyxiated. So we have a blocked out area 
marked on the floor i n  which we remain. hly ass i s tan t  on the opposite side 
i s  not allowed t o  lean w e r  the table.  Now, these are  variables t ha t  we can 
control. Y o u  saw the picture from Charnley's operating room yesterday. It 
looked l i ke  a huddle of a foo tba l l  team. How can yau choose v e r t i c a l  or 
horizontal flow? I don't think anybody has the answer t o  t h i s .  Does laminar 
airflow produce any appreciable drying of the operating wound? Have you worked 
i n  laminar airflow? You can have wet hands and walk in, w a i t  fo r  your gown, 
and you don ' t have t o  dry yuur hailds. It can do the sane thing t o  the wound. 



If tile a i r  speed is rat'ner rapid, it'll create an evaporative situation so 
that a viscus w i l l  cven change i ts  position by drying out, What about the 
operating room w i t h  a l ight above? I don't have a l ight  above, btrt dehydra- 
tion depends again on how much hydration you use. Every 5 or 10 min I ir- 
r iga te  my are% with a solution of ne0r;tyci.n a d  bacitracln and Ringers solu- 
tion. B:fore the f ield becames too dry, we moisten it. 

I wuuld l ike t o  mike a statement about crossflaw and d m f l a r ,  and 
maybe open same additianal discussion, What I see personally being said 
here, is that i n  neither case is it pcssible t o  guarantee that there w i l l  
not be upstream sources. You can identiry i n  this  huddle sources upstream, 
whether the f l aw  is vertical  or :lorizontal, and then i t 's  a qi~zstian of eval- 
uating the p k n t i a l  of these sources and the f'requ,~ncy of them. Beyond 
that one must mderstand what is  the .ffect of occasional upstream blockage 
of the a i r  31 a iaminar flow system. This involves an understanding of 
what happens in a turbulent region. You go Framwfaat is very easy t o  draw 
on piper, nice straight-line flw which seems t o  be easy t o  understand t o  
a situation be-hind obstructFons which i s  extremely diff icul t  t o  understand, 
and extremely difficult t o  describe. !bere have been many attempts already 
in  this  conlerence t o  describe these turb-den% regions. D r .  Whitfield has 
sham that the flushing rate i n  the damstream turbulence is  a matter of a 
few seconds as apposed t o  maybe a fraction of a second, depending on how 
small an area you want t o  consider. But, it is important t o  realize that 
i n  these dmstream turbulences there is a very hi& flushing rate and you 
can go back t o  the physics of turbulent flow. Because of th i s  very high 
flushing rate obstructions may not be a probkm. I n  additian, the source 
of contamination that can enter these turbulmces can also be limited. I 'd  
like to  state for the record thst I don't thjnk you can guarantee in either 
case, dawnflav or crossflow, the elimination oZ thz possibility 3f blockage- 
If you really look a t  the s i t i i t i an  very closely, you can see that there i s  
verj  l i t t l e  difference in the frequency and am-t of blockage in  either 
cotdigura tion. 

Professor Buchberg: 

To cmtinue the discussion of the use af a portable s te r i l e  air 
supply for local control it is important t o  pint crut that the boundaries 
of the s ter i le  f ie ld  dawnstream frm the plane of issue is not determined 
by an extensio~ of the entry plane, Entra-nt of room air  occurs a t  a l l  
of the boundaries and t-arbulent diffusion causes mixj!.~ of the entrained 
a i r  into the s ter i le  zone as you proceed downst am, ;mit ing the region of 
s ter i le  a i r .  My friends a t  Sandia t e l l  m ~ !  that a * i s r ? i U  "rule of thumb" i s  



t o  construct 3 cone or pyramid on the jet entry plane i n  the dawnstream 
directio~l sucfi that the sides make about a =-degree angle with the base . 
The region of the cane or ~yramid should then be free of entrained con- 
M n a t f o n .  This usually requires %hat the portable supply must be located 
quite. close t o  the spac, being purged. Undoubtedly, there are applications 
where sma l i  partable s ter i le  a i r  supplies, properly deployed, may be useful. 
Cook and Boyd (1971) nave recently reported on the use of a portable cabi- 
net supply with a entry plane of about 15 x 36 in i n  a surgery. 

I&, Agnew: 

I don't disagree with the drawing that was just put there, but 
since a wall-less systeP has heeu presented, I w o x l d  l ike t o  point out the 
diffzrerice between a ccarrpletely wall-less systen! a d  one with air deflectors 
cm each side, The reasan w4y a stream of a i r  moving away fram the plenum 
w i l l  pull deal a i r  frm the sides into it, has been ascribed t o  Venturi ef- 
fect  or an aspiration effect, and these jets of a i r  or liquid moving in a 
laminar fashion, can pull s u r r ~ m d i n g  liquid or surrounding air into that 
stseam. There are boat bailing systems that  mdce use of this principle. 
Y o u  can ba i l  a boat with a garden hose if yau have the right kind of a T 
f i t t ing.  It would pull a l l  the water out of the boat, In the wall-less 
system with a i r  deflectors, we have a d iee ren t  situation. We have an es- 
sentially square room; it can be slightly rectangular, If we put this je t  
of a i r  i n  that rocan, and we induce an apposing f l aw,  we create a different 
situation. I f  the -sing f l w s  are a t  the sane ra te  as  the outgoing flw, 
or nearly so, they cancel each other ou5, To prevent the short-circuiting 
that M r .  Whitfield referred to, we created 2 high-velocity hook of a i r  here 
that  acts as  an a i r  curtair;. W e  have short-circuiting around the hook, but 
the velocity for the curtain 2nd the res t  of the 10,000 f t  goes clear across 
the rooan. Naw, I have two other things t o  say about that. We've had th is  
system on display around the carr;try for the last year; it w i l l  be i n  the 
Mid-Atlantic Health Congress in Atlantic C i t y ,  this coming week. This f l o w  
goes for nearly 30 ft. It loses scllle of it Ran its hooks but you can go 
across the ais le  a d  fee l  it, But we get entra-nt just as the diagram 
that you saw before, because we don't have any way of creating ari opposing 
f low.  A l l  t h i s  system does is  recycle the air that 's already in  the room, 
By thrak-ing out a column of air 10 ft wide across the r m ,  we're proilucing 
over 500 air changes in the operating f i e ld  and nearly 200 in  the rocan as a 
whole, i n  an 18-ft squase surgery, This flaw ~ Z l l  shorten and it w i l l  slow 
down under me condition, i f  the rocm is very old fashioned ( t o  c i t e  an 
extreme example, a SO-year-old surgery that  is only 14 ft wide). This sys- 
tem is nearly 10-1/2; t i e  opposing flws are faster  than the outgoing. They 
were losing that way, We're getting, if anything, a mixing of our Class 100 
zone into the return a i r  stream. We're losing velocity and it wan1+, go clear 



across the room a t  125 ft/min. I just wanted t o  take the opportunity t o  
tell yaa that there are many advancements i n  the s ta te  of an a r t  possible 
2nd urge you to  keep an open mind, because we're going t o  find out a l o t  
more things as we go along. The Federal Standard set up guidelines for 
th is  af ter  it had been i n  effect for a very short space of time, because 
they wanted to  transfer the knowledge i n  an orderly way t o  the Defense 
program. It served a very useful purpose. We had one change; we'll  no 
doubt put out additional changes. We're able t o  t rea t  a i r  because of th is  
discovery of Mr. Whitfield's for benefits that none of us have seen yet. 

Dr. Castles: 
(Midwest Research In s t i h t e ,  Kansas ci ty)  

How important are nonviable particles in  wounds? 

D r .  Ulrich: 

They may be bad, and they may be good. In  a conventional surgery, 
I think particles are a good thing, especially lint particles. Bacteria are 
normally negatively charged, and they ' l l  attach t o  other particles, i n  fact.  
Most bacteria ride particles of one sort  or another as evidenced by the many 
stuiies using Anderson samplers. So if you have particles of a larger size 
that bacteria can attach to, they certainly can be trapped by the f i l t e r s  
much more readily. We carried out a 3-1/2 year study in a turbulent flar 
system that indicated it was better t o  recycle a i r  within the surgery, add- 
ing only a certain percentage of a i r ,  usually about 15 t o  20$ t o  make up 
losses. We were able t o  keep the air cleaner by recycling than by bringing 
in fresh a i r ,  tempering it and thawing it away. This related very well 
with particle size. The reason i s  that  the average particle size generated 
in  a surgery i s  larger than the average particle size in fresh a i r .  A s  a 
result,  i t ' s  easier t o  trap i n  f i l t e r s .  There's one other thing I might say 
here about exhausts related t o  turbulent sy:.+zms and not lamin- f low.  
Blowers in England has shcmn that pickups 4 ft From the floor are more ef- 
f icient than those at base line. Our results indicate he's right. Y o u  get 
a lawer particle count by keeping the exhaust 4 ft up rather than a t  base- 
board level. 

M r .  Sivinski: 

A roan l ike th i s  auditorium? 

D r .  Ulrich: 

Yes. 



Sivinski : 

Unfort.~nately, we 've run out of time. ?here are many questions 
yet--good questions--which have not been answered, and we simply have not 
had the time for them. What I'd l ike to  do is review what we i n i t i a l l y  
stated our purpose to  be and how weil we achieved it. 

A t  the beginning I said that we would review the basics of clean 
room 'ethnology and try t o  de"ermine what the s ta te  of the a r t  was, and I 
think we Lid that  f a i r l y  well. 

Second, w e  wanted to examine the current needs and problems as- 
sociated with the hospital surgery sui te  environment, and we 've heard quite 
a b i t  about that ,  particularly from the surgeons involved. 

Third, we wanted t o  identify, if  possible, the areas where r e l i -  
able data ex is t  and t o  establish guidelines for  obtaining the enviromnent 
tha t  a pasticulaz person desires and t o  help you identify just  what kind of 
environment i s  needed. I think we s tar ted tha t  very well, and we're going 
t o  continue it. 

lhroughout the day and a half I've heard various people ask 
tt questions like, Based 03 principles only, which should I choose, ver t ica l  

or horizontal laminar flow?" This bothers me because the principle is no 
different i n  e i ther  a horizontal or  a ver t ical  room. Only the application 
of the principle is different.  The principle of so-called laminar flow 
clean room technology is sweeping the area clean a l l  the time instead of 
trying t o  clean it up by housekeeping or  some other way. Laminar flow 
systems are very simple, and frequently people t r y  t o  make m r e  out of them 
than they should; they think there's black magic to it. What you try to do 
is  sweep a room out with s t e r i l e  a i r  and that ' s  the environment you work in. 
That's real ly  the important thing t o  remember. How you should sweep a room, 
ver t ical ly  or horizontally, depends on your particular application. What 
we rea l ly  need is  a w a y  t o  inte l l igent ly  determine whether you need a 
laminar flow system or  not, and i f  3-ou do need one, how t o  choose the system 
best suited for your needs. 

Those of us participating i n  t h i s  program recognize that  these 
are very important problems and propose to  pursue them in the following ways. 

Firs t ,  the proceedings of t h i s  meeting w i l l  be published. Second, 
steps w i l l  be taken to  revise Fec2eral Standard 209a. NASA has produced an 
addendum t o  209a which includes SOBE microbiology. This was done by Jack 
Foulks i n  the NASA Headquarters Bio-Sciences Group i n  Interplanetary Qaran- 
t ine, and if W i l l i s  and I remember correctly, it was a pretty good piece of 
work. Midwest Research Inst i tute  is going t o  send th i s  document t o  all who 



have come here for commentary as to  w5ether this  document might be a s ta r t ing  
point for  building a system of guidelines to  help understand your clean air 
problems. I think i t ' s  probably not b&d; it deals with the microbiology of 
laminar flow roons, as fa r  as determining bioburden on spacecraft, but that 's  
only a t r i v i a l  de ta i l  of application. The important thing is,  how does one 
go about evaluating and solving his  problem and what are the important areas, 
wheth2r i t ' s  a patient or a spacecraft. To t e l l  you f'urther about NASA 
plans and MRI's role i n  t h i s  endeavor is M r .  Jim Richards of NASA Headquarters. 

Mr. Richards: 

There are three brief things I would l ike  t o  say here i n  wra.pping 

UP 

F i r s t  of a l l  t o  re i te ra te  about the Proceedings, we w i l l  publish 
a Proceedings; we w i l l  t r y  t o  get t h i s  done within a period of about 60 h y s .  
I think the MRI people are  going t o  have fun putting t h i s  together, but we 
w i l l  get Proceedings out t o  a l l  the attendees. 

The second thing is tbt we have over the last day and a half ,  I 
think, seen som areas where perhaps some of the work that  we have done in  
NASA concernjng clean roams and clean room technology might be of assistance 
t o  the people who are now trying t o  apply the techniques i n  medicine. We 
do intend t o  pursue t h i s  and see if i n  f ac t  we can a s s i s t  in some of these 
areas, so we w i l l  be i n  touch with many of you t o  pursue some of these prob- 
lem areas. 

Third, I think the participants here a t  the symposium have done 
an outstanding job. I think that  you join me i n  expressing our appreciation 
for the i r  participation. Thank yau very much. 
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