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NOTICE 

The proj ect that is the subj ect of this report 

was approved by the Governing Board of  the National 

Research Council , whose members are drawn from the 

Councils of the National Academy of Sciences , the 

National Academy of Engineering , and the Institute 

of Medicine . The members of the Co11111ittee responsible 

for the report were chosen for their special compe

tences and with regard f or appropriate balance . 

This report has been reviewed by a group other 

than the authors according to  procedures approved by 

a Repor t Review Co11111it tee cons is t ing of members of the 

National Academy of Sciences , the Nat ional Academy of 

Engineer ing , and the Ins t itute of Medicine . 

This report was prepared as part of the work under Contracts No. 
V101(134)P-?5 and V101(134)P-350 between the Veterans Administra
tion and the Nationa"l Academy of Sciences, and Contracts No. SRS-
500-?5-0001 and HEW-105-?6-4103 between the Department of Health, 
Education, and We "lfare and the Nationa"l Academy of Sciences. The 
content of this pub "li.aati.on does not neoessa:tti "ly ref"lect the views 
or po"li.ai.es of the Department of HeaZth, Education, and Welfare , 
nor does mention of trade names, cOTTfTierai.a"l products, or organi
zations i.mp"ly endorsement by the U.S. Gove1'1'V7!ent. 

i.i. 
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F O R E W O R D 

The American Academy of Orthopaedic Surgeons ( AA OS ) es tablished 

a committee under the chairmanship of Dr . J. Phillip Nelson on November 29 , 

19 72, to  study the systems availab le for provid ing f iltered air to reduce 

or eliminate bacterial content at the wound site . Establishment of  the 

commit tee ref le cted the AA OS '  concern about the incidence of deep wound 

seps is in clean , refined wounds .  AA OS also reques ted , through the Commit tee 

on Pro s thet ics Resear ch and Developmen t (CPRD)· of the National Academy o f  

Sciences ,  that the role of airborne b acterial contamination in the operat

ing room be reviewed . Approval for CPRD to organize a multidiscipl inary 

meeting to discuss this subj ect was given by the National Research Council 

on November 30 , 19 73 . 

A s teering commit tee was formed on January 18 , 19 74; its members 

were : Dr .  George T.  Aitken , Mr. Kenneth Credle , Dr .  Jo Mi ller , Dr. J .  Phillip 

Nelson , and Dr. John Ulrich . 

The steering commit tee recognized from the out set that there are 

many facto rs in wound seps is , such as the competency of hos t resistance ,  

virulence and numbers of organisms , and use of ant ibiotics . They also rec

ognized that endogenous or direct contagion may be s ign ificant causes of 

seps is . The commit tee quickly agreed that the magnitude and comp lexity of 

the seps is issue was too extensive for considera tion at a s ingle conference . 

Therefore , they agreed t o  a narrower charge--to examine the control of air

borne bacteria in t he operating room. 

Given th is mo re manageable subj e ct area , the committee decided that 

the meet ing would be a workshop with part icipation by invitation only and 

limi te d  to 40 persons . The part icipants would be representat ives of general 

and orthopedic surgery , microb iology , and engineering , and would be chosen 

to p resent varied opinions within each dis cipline . 

The Workshop on Control of Operating Room Airborne Bacteria was held 

at the Nat ional Academy of Sciences on November 8-10, 1 9 74 .  It was attended 

iii 
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by over 50 individuals interested in surgical aseps is ,  and 31 papers were 

read . The conferees represented an in te rnational cross sect ion of the 

knowledgeable in this area . Their d is cussion reflected a f rank presenta

t ion and documentation of the ir work , and an obj ective assessment o f  the 

work of others . 

This report has been divided into two parts . The first part is 

an overview, a summary of obj e ctives , conclus ions and recommendations for 

fur ther research . It represents a consensus of the s teering committee . 

The second section is an appendix of individually prepared papers on spe

cific  aspects of cont rolling airborne bacter ia in th e  operating room. 

iv 

George T .  Aitken 
Chairman 
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INTRODUCTION 

The prevention of pos toperative wound sepsis has long been a 

topic of prime con cern to surgeons . With the recent advent of to tal-j oint 

replacement and the use of methyl me thacrylat e ,  the orthoped ic surgeon has 

become increasingly con cerned with prevent ion of seps is . 

It was the purpose of the s teering committee to isolate and ex

plore a cont rovers ial and crucial aspect of surgical ant isepsis . Charnley 

(1969) found that the es tab lishment of an operat ing room environment with 

markedly reduced airborne bac terial content was as sociated wi th a signif icant 

reduction in pos toperative total-hip arthroplasty infection rates. Whether 

this f avorab le result  was effect ed by air fil t ration alone or whether it was 

also at tributable to improved barrie r techniques , more at tent ion to asep tic 

techniques , or a multiplicity of o ther improvements in technique has remained 

unanswered . Clean ai r in the operat ing room is frequently dis cussed and 

often poorly unders tood . Its imp lications for capital inves tment cos ts are 

large and there are several te chniques for cleaning air .  Be cause of the 

po tential s ignificance of  reduced ope rating room airborne b acterial con tent  

to  reduced pos tope rative sepsis rates , the Commit tee on Prosthet ics Research 

and Development convened a multidis ciplinary workshop to discuss this subj ect. 

In their planning sess ions , the Steering Committee on the Control 

of Operating Room Airborne Bacteria dis cussed many subj ect s whi ch might in

fluence pos toperat ive sepsis rates . These included hos t resist ance , pre- and 

postoperative antibio tic ther apy , skin preparation , surgical technique , tissue 

t oile t , ins trumen t  s terilizat ion , and qual ity con trol of commer cially steril

ized materials used in the operation . The commit tee also agreed that endoge

nous infections and the prophylacti c or therapeutic treatmen t of infection 

would be re cognized , but not examined in these discus sions . Finally , it was 

agreed that the dire ct contaminat ion of clean wounds was no t a mat ter for this 

workshop , except as it was a reflection of f ailures of barrier technique s used 

to prevent contaminating the air . Convening a conference to d is cuss the 

ent ire t otality of the problem seemed impossible , yet the urgency to resolve 

the " clean air" aspe ct of the problem was evident . The re fo re , it  was de cided 
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that this workshop would be particularly devo ted to a review of  the current 

knowledge of  the origins and pathways by which airborne bacter ia contaminate 

clean wounds . 

The commit tee developed the following obj e ctives to provide a 

general framework for the workshop: 

1. to summarize the current s t ate of knowledge on airborne 

cont amination of clean wounds ; 

2. to tabulate available techniques for es timating the 

cle anliness or contamination of the air ; 

3. to l is t  methods that can lower the contaminat ion of 

the air ; 

4. to assess , on the basis of availab le da ta , the effect ive

ness of the techniques for cont rolling operating room 

airborne contamination and further invest igate the 

adequacy of systems current ly used to decont aminate 

operating room air ; and 

5 .  to publish the workshop proceedings . Such a pub licat ion 

would inc lude recommendations on the effect iveness  of 

sampl ing and decontaminat ion techni ques if the da ta 

presented were adequat e  to  suppo rt and val idate such 

recommendations . The report also would include recom

mendat ions and priorities for future s tudies on air

b orne bacteria in oper ating rooms . 
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SUMMARY OF WORKSHOP OBJECTIVES AND CONCLUS IONS 

I .  Current Stat e o f  Knowledge on Airborne Cont aminat ion of  Clean Wounds . 

A. Summary 

People in the operating room are the maj or source o f  operat ing room 

airborne bacteria . Each person sheds bacteria from skin and mucous memb ranes 

at a relatively constant rate which varies from person to person and which in

creases with increased act ivity . Thes e bacteria are mainly gram-posit ive and 

they are agglomerated on nonliving part icles larger than two microns in size . 

A few individuals shed relat ively large numbers o f  microorganisms into the air 

and these type-specific bacteria have been asso ciated with postoperative infec

t ions o f  clean wounds . 

Cont aminat ion o f  clean surgical wounds by microorganisms o f  the same 

t ype found in the operat ing room air has been demonst rated on repeated occasions . 

The relat ionship o f  this contaminat ion "to subsequent seps is" is prob lemat ical 

because of the difficulty in separat ing cont aminat ion of the wound by airborne 

bacteria from contaminat ion from other sources such as the pat ient or b reaks 

in sterile techniques . 

B .  Conclusions 

1 .  Airborne bacteria in the operat ing room derive from people and not 

from the external environment . 

2. Airborne bacteria in the operat ing room do contaminate surgical 

wounds and are a definite source of in fect ion in clean re fined 

wounds , part icularly in high-risk pat ients and in surgery requir

ing implantat ion o f  foreign materials . The degree o f  their signifi

cance in product ion o f  postoperat ive seps is has not been quant ified . 

3 .  A few people , known as "shedders , "  persistently shed large numbers 

of bacteria and have been associated with signi ficant ly increased 

postoperat ive rates of in fect ion . 

II . Availab le Techniques for Est imat ing Bact erial Contaminat ion o f  Air . 

A .  Summary 

Although nonl iving airborne concent rat ions o f  part iculat e matter may 

bear some relat ionship to  airborne bacterial concent rat ions , it is the concen

trat ion o f  airborne microorganisms (as opposed t o  part icles )  wh ich is relevant 
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to  the et iology of postoperat ive sepsis . Therefore , attent ion wil l  be directed 

only to techniques which measure the amount of airborne bacterial contaminati.on . , 

1 .  Sett le Plates - These are sterile agar plates exposed to air for 

varying periods o f  t ime . After incubat ion , numbers o f  bacteria1 

colonies are calculated for t ime exposure and area . Their e f fi

ciency depends upon direct set tling o f  bacteria or  impingement of 
bacteria carried in air currents onto the agar surface . Sett le 

plates are relatively inexpensive , easy to use , and seem most ap

plicable to  the turbulent , low air exchange systems o f  most modern 

operating rooms . However ,  they are probably not accurate in mea

sur ing bacteria in high-volume dire ctional airflow systems because 

the physical presence o f  the plat e act s  as an air foil which shunts 

air away from the surface o f  the plate . 

2. Surface Sampling - Using a swab , suct ion probe , or  contact plate, 

surfaces may be sampled for types o f  resident bact eria . 'This is a 

useful method in determining the amount of  environmental fallout of 
bact eria after exposure o f  sterile surfaces to  the air . 

3. Act ive Air Sampling - Many devices have been developed which active ly 

pump air from the operat ing theater whi ch is then impinged ont o a 

sterile agar plate , or drawn through sterile liquid culture media, 

or auct ioned through a gelat in membrane o f  l imited pore size . Infor
mat ion may be obtained relative to  part icle s ize and numbers of viabl 

organisms per unit volume o f  air . However , the volume o f  air sampled 

is usually relat ively smal l and organisms may be lost through desic

cat ion if  large vo lumes are sampled . 

B .  Conclusions 

1 .  Although many methods for sampling airborne bacterial concentrat ions 

were described , no paper compared the merit s o f  the various sampling 

techniques . Informat ion presented at the workshop would not allow 

recommendat ion o f  a specific technique to monitor  future evaluati.ons 

o f  airborne bacteria . 
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II I .  Methods for Reducing Bacterial Contaminat ion o f  Air 

A. Summary 

.. ,, .. 

Methods for reducing the amount o f  air bacterial contaminat ion in 

the operat ing room may be divided into tradit ional and new categories . 

1 .  Tradit ional Methods 

a .  Air condit ioning systems which provide : 

b .  

c. 

d .  

e .  

1 )  air exchange rates of a t  least 1 2  per hour ; 

2 )  air int roduct ion near ceilin g ;  air exit near floor ; 

3)  mechanical f iltrat ion o f  air be fore entering room ; 

4) scheduled filter maintenance ; 

5)  humidity control at approximately 50 percent ; 

6) temperature control at approximately 70 deg . F .  

Reduct ion o f  personnel in operating room. 

Reduct ion of  personnel act ivity and talking. 

Exclusion o f  personnel with infect ion . 

Requirement for all personnel to  wear adequate head cover 

and nose and mouth mask . 

2 .  Newer Methods 

a .  Air condit ioning systems 

1 )  clean rooms : un idirect ional , high or low velocity , 

using High Efficiency Part iculat e Air (HEPA) filters; 

a) full room or room within a room type ; 

b)  horizontal or vertical flow types . 

2 )  local airborne bacteria control 

B. Conclus ions 

a) plast ic bubb le isolator ; 

b)  local high velocity , HEPA filter type ( see text ) ; 

c )  ultraviolet light . 

1 .  There was general agreement that the tradit ional methods should be 

recommended for all operat ing theaters . 
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2 .  A specific recommendat ion for more general ized appl icat ion o f  

one or more o f  the newer syst ems could not be made at this t ime 

because o f  the experimental nature o f  t he systems and the lack 

o f  hard s t at ist ical dat a which establishes unequivocably that 

any of the newer systems in themselves cont ribute to reduced 

postoperat ive in fect ion rates . 

IV . Effect iveness o f  Techniques for Cont rolling Operat ing Room Airborne 
Contamination 

A. Summary 

As previously noted , it is established that bact erial cont amination 

of the operat ing room air and st erile surfaces does occur during surgery . A 

significant port ion o f  the st erile surface contaminat ion results from airborne 

fallout of bacteria . Quant ificat ion of contaminat ion is relat ively consis t ent 

for each technique in each individual operat ing room from day to  day and case 

to case.  However , the data derived are much less dependable when the amount o f  

contaminat ion i s  compared between operat ing rooms o r  between inst itut ions 

because o f  many variables inherent in sampling . These variab les include : 

1 .  different operat ive procedures ; 

2 .  differen t  air handling systems; 

3. differen t  barrier gown and drape systems; 
4. differences in numbers o f  personnel , personnel act ivity , and 

shedding patterns; 

5. dif ferent sampling and culturing t echniques , such as sampling 

devices , locat ions o f  samplin g ,  length of sampling , and differ

ing culture media . 

For these reasons , the data from individual syst em evaluations can 

be accepted but comparison o f  data for dif fering syst ems from different inves

tigators is much more difficult . 

It  should be noted that those papers report ing comparat ive postoper

at ive sepsis rates of  pat ients operated in a regular operat ing room versus sur

gery done in one o f  the newer systems uniformly showed lower rates for pat ients 

done in the newer syst ems . However , in none of these series was it conclusive!) 

demonst rated that the reduced airborne bacterial concent rat ions were the sole 
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variable associated with the lowered in fect ion rates . It should be noted that 

recent papers presented at the meet ing of the American Academy of Orthopaedic 

Surgeons in New Orleans in January 19 76 ,  reported zero infect ion rates without 

the use o f  "newer systems . "  

B. Conclus ions 

1 .  A specific order o f  ef fect iveness for each system could not 

be ascertained at th is t ime . 

2 . The Workshop participants  general ly agreed on the following 

observat ions and recommendat ions: 

a .  Improved control o f  operating room personnel act ivity pat

terns , and impermeable drapes and garments , can signifi

cant ly reduce operat ing room airborne bact erial concent ra

t ions . These principles apply in both convent ional and 

newer system operat ing rooms . 

b .  Convent ional air condit ioning syst ems should b e  checked 

frequent ly for filter efficiency , filt er cleanliness ,  and 

room pressurizat ion . 

c .  Clean rooms o f  the HEPA filter , laminar air flow ,  high 

velocity type reduce airborne bacterial concentrat ions at 

least 80 percent when personnel wear convent ional garments . 

Contaminat ion is further reduced when personnel wear im

proved barrier garment s .  The use o f  helmet-aspirator

improved barrier gown systems will reduce the level of air

borne bacterial contaminat ion at least 90 percent . The 

walled , vert ical flow system seems t o  be most  e f f icient . 

d .  Personnel aspirator systems cannot b e  endorsed unequivocally 

because o f  their impract ical ity . However , their effect ive

ness in reducing shed bacteria is accepted . 

e .  Low Velocity (25-35 ft /min) HEPA Direct ional Airflow Syst ems 

are cons idered effect ive in reducing operat ing room airborne 

bacterial concent rat ions . 

f .  For the clean , re fined , high-risk wound , supplemental pro

t ect ion with perioperat ive ant ibio t i cs or air t reatment 

systems is recommended . 
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g .  Ult raviolet light i s  an accept able method for reducing 

operating room airborne bacteria, but sufficient data are 

not available to j ust ify recommending its widespread ap

aplication to operating rooms at the present t ime .  

-· 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


,-.. 
... .......... ... . 

9 

RECOMMENDATIONS FOR FURTHER RESEARCH 

1. Research act ivit ies should be des igned that will focus upon the effects  

o f  airborne bacte ria and separat e those effect s from causes o f  infect ion 

by other factors . 

2 .  Methods for airborne and sur face bacterial sampling should be catalogued 

according to their e f f iciency . Also , a list o f  commercially available 

devices for monitoring the cleanl iness or contaminat ion of air shoul d 

be draft ed . Their advantages and disadvantages should b e  described and 

circulated to appropriate microbiologist s  and engineers for their comment s .  

Recommendat ions for techniques t o  be cons idered "standard" or "comparable" 

shoul d  be developed . 

3. Protocols for collect ing airborne and environmental bacterial concent rat ion 

data should be st andardized so that environment s  may b e  compared from in

st itut ion to inst itut ion . 

4 .  Ult raviolet light systems should be studied further . Sampl ing techniques 

(i . e . , s t erilizat ion of media by radiat ion aft er inoculat ion and e f fect 

of obst ruct ions to radiat ion or unt reated air) , long-term exposure of per

sonnel to  radiat ion , and e ffect of radiat ion on exposed t issue should also 

be studied . 

5. More dat a are necessary on airborne bact erial and st erile surface contam

inat ion rates for the low velocity , plas t i c  bubble isolator , and local 

high flow HEPA filtered air systems . 

6. Further invest igat ions are recommended on the origins of  bact eria that 

cause wound infect ions . 

7. Reported reduct ions in infect ion rates through improved barrier 

and air-handling techniques (which reduce operat ing room airborne 

bacterial concentrations)  should be evaluated obj ect ively . 
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SPECIAL RECOMMENDATION 

A special commit tee of workshop participants was appointed by the 

chairman to develop a resolution indicating the need f or defining "biologic 

clean air. "  It waa recoDmlended that the intent  of the resolution become a 

continuing e f fort of the workshop ' s  members . The resolut ion read : 

"lbst it is recognized that there is a need for a defi

nition of c lasses of b iologic air cleanliness . Such a def i

nit ion should also contain a s tandardized method  for deter

mining changes in , or new classes of , cleanliness . Such a 

def ini tion mus t include not only the number of viab�e particles 

per cubic foot of air in specif ied areaa , but also the methods 

by which they are coun ted,  an d  the definition o f  the o ther 

f actors which deserve consideration . 

Therefore , it is recODmlended that there come into being a 

mult idis ciplinary g roup , p referably o f  the attendees of  this 

conference , who are delegated to prepare such de finitions and 

who would write a ' Tentat ive S tatement on the Def ini tion of 

Biologic Clean Air.  ' This would give guidance to researchers 

in the f ield . Ultimately , this might enable surgeons to 

specify the air quality they migh t desire . " 
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1 1  

REVIEW OF POSTOPERATIVE WOUND INFECTIONS 

W . A . Alteme ier* 

Infec t ion is one of  the sa l ient features of  human life , and many 

infec t ions in pat ients are of surgical  s ignificance . An unders tanding of this 

aspec t of  med ic ine is , therefore , an essent ia l part of c l inica l surgery and 

the suppor t ing profess iona l sc ient ific d isc iplines whichhelp to provide the 

s urgeon with a safe environment with in which to operate and work ( 1- 5 ) . The 

ubiquity of infec t ious agents in man ' s environment , the ir propens ity for in

vad ing the�ssues of the body , the ir potentia l  for produc ing s ignificant 

pathophys iologic effec ts on the var ious bod i ly func tions , the ir remarkab le 

adaptabi lity to c ircums tance and newer forms of treatment , and the necess ity 

for exc lud ing the ir presence or control l ing the ir growth suffic ient ly to 

permit surgical  treatment and e f fec t ive wound hea ling , a l l  emphas ize the s ig

nificance of infec t ion in surgical prac t ice ( 1 , 3 ) . Moreover , the expand ing 

hor izons of surgery have often been dependent upon the deve lopment and app li

cat ion of  spec ia l me thods of overcoming the hazards of pos toper at ive infec 

t ions ( 1 , 8 ) . I t  should be remembered a lso  that every operat ion is an exper i

ment in appl ied and prac t ica l bac ter iology . 

His tory has shown that pos toperat ive and hospita l-acquired infec tions 

have been problems for as long as there have been hospita ls , and attempts to 

prevent the ir inc idence and spread began hundreds of years ago when separate 

hospita ls were bui lt for pat ients with communicable diseases . Fever hospita ls , 

smal lpox hospitals , tubercu los is sanitor ia ,  and "Pes t Houses" were es tabl ished 

in an effort to separate infec ted pat ients from other pat ients and the com

munity . 

I t  is general ly recogn ized that  the introduc tion of modern 

antibiotic therapy has had a revo lut ionary e ffec t on the treatment of many 

es tabl ished infec tions , but c linica l exper ience and exper imental bac ter iolog

ical studies have shown that it s general use for approximately one third of a 

*Chairman , Department of  Surgery , Cincinnati General Hospital. 

Work reported supported by U . S . P . H.S . Grant 5-POl- GM-15428-08 and 
u.s. Army Cont ract DAMD 17-74-C-5018 .  
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I n f o r m a l  P a p e r s  o f  a  W o r k s h o p  o n  C o n t r o l  o f  O p e r a t i n g  R o o m  A i r b o r n e  B a c t e r i a ,  N o v e m b e r  8 - 1 0 ,  1 9 7 4 ,  W a s h i n g t o n
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 0 1

http://www.nap.edu/catalog.php?record_id=18601


12 

W .  A .  A ltemeier 

century has failed to decrease the overa l l  inc idence of postoperative surgica l 

infec tions ( 1 , 2 , 3 , 7 , 8 , 10 ) . In add ition , the widespread use and misuse of 

antibio t ic therapy has undoubted ly increased the problems concerned with tbe ir 

prevention (3 , 5 , 8 , 9 , 12 , 15 , 17 , 18 ) . Too often its widespread use prophylac t i ca l

ly in surgical patients has contributed to the deve lopment o f  an unwarranted 

overdependence on i ts e ffec tiveness ,  a de -emphas is or d iscred i t  of  the impor

tance of the es tablished s urgica l princip les , a re laxation of  the "surgica l 

consc ience , "  a breakdown of isolation procedures , and the es tab lishment of a 

reserveir of virulent and antibiotic -resis tant bac teria concentrated in the 

hospita l  environment ( 1 ,4 , 8 ) . 

These trends have been accentuated by the comp lex ities of modern 

surgica l prac tice with the concentration of large numbers of patients with 

es tab lished infec tions in hospita ls , the extens ion of  prolonged surgica l opera

tions and suppor t ive procedures to a rapid ly increas ing number of high-r isk  

pat ients , the increase of the number of individuals with severe trauma , and 

the growing use of drugs which decrease bod i ly res is tance to infec t ion . Thus, 

i t  mus t  be kept in mind that the modern genera l hospital has become a comp lex 

community in wh ich the oppor tunities for infec tion are numerous and ever pres

ent. Current hospital practice has resulted in the concentrat ion of  many 

people admitted with a large var ie ty of  infec t ions as we l l  as many others who 

are unusual ly s usceptible to secondary or hospita l-acquired infec tions . The 

latter have inc luded pat ients admitted for treatment of recent trauma, pers ons 

debilitated by chronic d isease ,  ind ividuals undergoing surgica l operations and 

a multitude of other technic al diagnos tic procedures ,  people requir ing steroid 

therapy , and those under treatment for neoplas tic d iseases . The extens ion of 

surgical treatment to aged and debilitated pat ients , and the widespread use 

of  complicated diagnos t ic ,  therapeutic , and anes thet ic procedures also have 

favored the deve lopment of hospita l-acquired infec t ions . In add i tion , the 

urgency assoc iated with thetreatment of many pat ients with life - threatening 

disease or extens ive injuries , the demands of large numbers of pat ients in a 

short period of  time , and shor tages of  skilled nursing and other personne l 

have tended to produce compromises and adminis trat ive trends not necessarily 

in the bes t  interes ts of infec tion control  ( 1-3 ) . 
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A particular ly important effec t of genera l and ind iscr iminate 

antibiot ic therapy in hospita ls has been the progress ive deve lopment of re

s is tance to penicil l in and many of the other ant ibiotic agents which was 

acquired by a large var iety  of important bac teria concentrated in the hospital 

environment . These virulent microorganisms , both Gram-pos itive and Gram-nega

t ive , have the potent ial of  becoming pathogenic in pat ients weakened by d is

ease , inj ur y ,  me tabol ic c ond i tions , and other debi lita t ing fac tors as  ment ioned 

above (8 , 10 , 12 , 17 , 18 ) . 

There are a number of  other impor tant fac tors which have influenced 

the inc idence of pos toperat ive infec tions at the present t ime . In a 2 1/2 -

year col laborative invest igation of 15 , 6 13 consecut ive operat ive procedures 

done in five Amer ican university centers , an overa ll  infec t ion rate of 7 .4 

percent for al l types of operations was determined under c lose , energe t ic , and 

continuing surve i l lance . These centers inc luded the Univers ity of Pennsy l

vania , Hahnemann Med ica l  Schoo l ,  the Univers i ty of Ca lifornia , Los Ange les , 

George Washington Univers i t y ,  and the Univers ity of  Cinc innati . Th is projec t  

was carried out under the support of the U . S .  Pub l ic Hea l th Service and the 

aeg is of the Nationa l Research Counc i l  ( 13 ) . 

Many nationa l and international conferences have been he ld in an 

effor t to bring the various aspec ts of this situation into proper perspec t ive , 

to disseminate exis t ing knowledge be tween countries and sc ient i fic d iscip l ines , 

and to s t imulate research for the solut ion of re lated problems . One of the 

firs t and h igh ly significant mee t ings of this type was the Nationa l Conference 

on Hospital-Acquired S taphy lococca l Disease , he ld on S eptember 15 - 17 , 1958 , 

in At lanta , Georgia under the j oint sponsorship of the United S tates Pub l ic 

Hea lth Service and the Nat iona l Research Counc i l .  An Internat iona l Seminar on 

Hospita l  Infec t ions was also he ld by the Counc i l  for Internationa l Organiza

tions of Med ica l Sciences in London , S eptember 24 -28 ,  1962 . De legates from 26 

countr ies and the Wor ld Hea lth Organizat ion par t icipated in the d iscuss ion ,  

representing a cons iderab le body o f  resource knowledge and research potentia l .  

There were 1 1 1  de legates in attendance , each being an exper t on some aspec t of 

hospital-acquired infection .  Another impor tant examp le was the International 
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Conference on Surgical Infec t ions he ld by the Internat ional Society of 

Surgery in Moscow on Augus t 2 1- 28 ,  197 1 (8 ) . 

These and many other conferences have been he lpfu l , but the fac t 

remains that the prob lems of  pos toperat ive wound and hospita l-acquired in fec

tions pers is t ,  and that cons iderab le confus ion exists in the minds of surgeons ,  

phys ic ians , hospita l  adminis trators , lay hosp ital boards , bac ter iolog is ts,  

epidemiologists , sanitary engineers , architec tura l engineers ,  attorneys , j udges, 

and others regard ing the s ignificant fac tors ac tua l ly respons ible for these 

infec t iona . 

In the meant ime , the controversy over the re lat ive importance of the 

aer ia l  s pread and contac t spread of infect ion has cont inued from the las t half 
of the 19th century to the present ( 10 ) . Fol lowing the d iscovery and intro

duc tion of  the surgica l ant iseps is by  Lis ter , Von Bruns and Von Bergmann be

came convinced that c ontac t was the princ ipa l method for spread of infec t ion 

and by the ir evidenc e persuaded Lord Lis ter to abandon his carbolic ac id spray 

of the operat ing room aer ia l  environment .  The use of  ultraviole t  light , 

l ithium oxide , e lec trical  prec ipitation of  bac ter ia l- laden dus t par t ic les , and 

var ious types of laminar f low have each been deve loped and used in an effort 

to reduc e  the inc idenc e of pos toperat ive wound infec t ions . 

Moreover , the increas ing cos ts assoc iated with the care of surgic a l  

pat ients with infect ions , the progress ive threat of ma lprac t ice  c la ims , and 

the growing demands of an informed and often "oversold" pub l ic have become 

important re lated matters of  concern . 

THE INCIDENCE OF INFECTIONS 

Current ly there is s t i l l  cons iderable confus ion about the inc idenc e ,  

nature , and causes of  infec t ions in surgica l prac t ice . There i s  a lso much 

confus ion and great d ivergence of  thought regard ing the bes t  me thods of pre

venting and control ling surgical  infec tions . Consequent ly ,  there are no 

accurate f igures in the United S tates to ind icate the inc idence of the many 

types of  infection acquired by hospita lized surgica l  pat ients , but there is 

evidence that it is much greater than general ly suspec ted . 
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It is general ly recognized , however , that from 40 to 65 percent of 

the pat ients in genera l hospitals are usua l ly surgica l ,  and that approximate ly 

30 peyc ent of hospita lized surgical  patients e ither have es tablished infec tions 

at the t ime of admiss ion or deve lop s ome type of infec tion dur ing the ir hospi

tal s tay . 

In 1963 it  was e s t imated that approx imate ly 2 5 , 000 , 000 pat ients had 

been admitted to hospita ls in the United S tates and that over 1 , 000 , 000 of 

them deve loped postoperative or hospita l-acquired infec t ions . 

More recent figures made ava i lable for the year 1967 have been 

repor ted by Alteme ier as fol lows ( 6 , 8 , 10 ) :  

Tab le 1 .  Hospita l Infec tions USA - 1967 

Es t imated Inc idence: 

Hospita l  admiss ions 

Surgical  operat ions performed 
in the operating room 

Es t imated number of pos toperative 
wound infect ions for all  types of 
operat ions ( 7 . 4% of operat ions ) 

Es timated number of hospital-acquired 
infec t ions 

3 1 , 600 , 000 

18 , 800 , 000 

1 , 39 1 , 200 

2 , 101 , 03 7  

These estimates are based upon data obtained from 1 , 1 18 hospita ls 

in the United S tates ; this number be ing approx imate ly one - fourth of the total 

number of hospita ls under surve i l lance of the Joint Commiss ion on Accred ita

t ion of Hospita ls and B lue Cross-B lue Shie ld . 

The overa l l  wound infec tion rate of 7 .4 percent used in these 

es timat ions was the inc idence for all tvpes of operative wounds as  determined 

dur ing a 2 1/2 - year col laborat ive ultravio le t study of 15 , 6 13 consecut ive 

operat ive procedures done in f ive Amer ican univers ity centers under the suppor t 

of the U . S .  Public Hea lth S ervice and the aegis of the Nat iona l Research 

Counc i l .  The operat ive wounds thus s tudied were composed of c lean , c lean

contaminated , contaminated , and dirty types . Elect ive and emergency operat ions 

were both included in Ta�le 2 (13) . 
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Table 2 . 

Inc idence of Infec t ion 
Type of Operat ive Wound No. No . Perc ent 

C lean 11,690 594 5.1 
C lean-contaminated 2 , 589 2 80 10 . 8  

Contaminated and d irty  1 , 262 2 7 7  2 1.9 

Not reported 72  6 8 . 3 

In the 1 1 , 690 c lean e lec t ive operat ions in this ser ies , the average 

wound infec t ion rate was 5 . 1 percent , but the average rate for a l l  types o f  
operat ions was 7 .4 percent . I t  a lso  became apparent that the inc idence of in

fec t ion var ied a great deal with the t ype of operation (Table .3) • 

Table 3 .  Inc idence of Infect ion Following S e lec ted 
Commonly Per formed Operat ive Procedures (Adapted from Ultraviolet S tudy) 

Number of Incidence of  
t imes infec t ion 

Operat ive Procedure performed per cent 

Herniorrhaphy* 1 , 3 12 1 . 9 

Thyrcilidec tomy 406 2 . 2  

Hys terec tomy 628 6 . 1  

Cholecys tec tomy 756  6 . 9  

Par t ial  Colec tomy 220 10 . 0  

Subtotal Gas trec tomy 288 10 . 1  

Appendec tomy 55 1 1 1 . 4 

Nephrectomy 127  17 . 3  

Rad ical  Mas tec tomy 227  18 . 9  

*Inc luding inguinal ,  femora l , and epigas tr ic ; exc lud ing 
inc is ional and ventral .  

Notewor thy too was the fac t that the inc idence of pos toperat ive 

wound infec t ion was increased three to five fold or more whenever one of the 

maj or tracts was transec ted or resec ted dur ing a p lanned e lec t ive operation ,  

as compared to e lec t ive operations wi thout such procedures . 
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For e xample , the inc idence of infec t ion following hernioplas ty was 1 . 9  

perc ent ; whereas it was 6 . 1 percent for hys terec tomy , 6 . 9  percent for chole

c ys t e c tomy , 10 . 0  percent for par t ia l  colec tomy , and 10 . 1  percent for subtotal 

gas tree tomy . 

I t  can be seen from the above d iscuss ion that hospital-acquired 

infec t ion is also a problem of cons iderable mone tary magnitude . The average 

coat per infec t ion has been reported by Swartz at the Univers i ty of Virginia 

to vary between $6 , 000 and $9 , 000 . Us ing an es timated pos toperat ive wound in

fec t ion cos t of approximate ly $7 , 000 per pat ient , on the bas is of 1,4 00 , 000 

pos toperat ive wound infec tions (as shown in Table 1 ) , the est imated overa ll  

c oat to socie ty has been estimated to  be  $9 . 8  b i l l ion ( 6 , 8 , 1 1 ) . 

Spec ific programs are matters for phys ic ians to cons ider and correc t .  

There appears to be some c onsensus that a broad -based contro l program centered 

around isolation procedures , combined with both forma l and informa l educ at ion ,  

would he lp t o  decrease the inc idence and cost  o f  infec t ion . 

Government subs id ies wou ld he lp to defray the cos t of infec t ion 

c ontro l and he lp to ins ure an optimal  output of this pub lic good . Another 

avenue of poss ible effec t ive ac tion under cons idera tion is Profess ional Services 

Review Organizat ion (PSRO) . 

A review of  pos toperat ive wound infec t ions should inc lude a 

c ons iderat ion of  the ir c lass ificat ion on the bas is of  the source or base of in

fec tion . In this regard , there are three general types : community or home -based 

infec t ions , operat ing room- based infec tions , and hospi ta l- based ( other than 

opera ting room- based ) infec t ions . 

COMMUNITY OR HOME- BASED INFECTIONS 

These are infec tions which deve lop spontaneous ly or otherwise in the 

home or c ommuni ty, be ing unre lated to the hospital and the hospital reservoir 

of microorganisms . As many as 30  or 40 percent of pat ients admit ted to a busy 

surgical service in a genera l hospita l  may have infec tions of this type . 
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Examp les are acute append ic i t is , acute cho lecys t it is , ac ute divert icul i t is 

with per foration and per itonitis , acute per forated peptic ulcer with per itonit is, 

e tc . Infec tions in this category are genera l ly not caused by ant ibiotic resis

tant bac ter ia , and they do not present at this time new or spec ial prob lems re 

lated to the pr imary d isease . 

OPERATING ROOM- BASED INFECTIONS 

These are hospital-based infec tions wh ich cons i s t  pr imar i ly of  

operat ive wound infec t ions deve loping pos toperat ive ly in  re lation to surgica l 

procedures per formed in the operating room . Because of  the ir importance and t he 

prob lems wh ich they current ly present , they are cons idered separate ly from o ther 

hospital-acquired infect ions for purposes of spec ial d iscuss ion .  The sources of 

these infec t ions are both endogenous and exogenous . 

HOSPITAL- BASED INFECTIONS (OTHER THAN OPERATING ROOM) 

Infec t ions which occur in pat ients dur ing the ir hospitalizat ions 

are des ignated as hosp ital-acquired or nosocomial infec t ions . They are the re

sult  of microbial invas ion ,  mos t often by ant ibiot ic�res is tant and virulent 

microorganisms of  the hospita l  environment .  Invasion may fo l low diagnos tic 

and var ious therape utic procedures such as lower ur inary trac t c athe terization 

or ins trumentation ,  intravenous therapy (espec ially continuous ) ,  tracheos tomy ,  

or arter iography . Infec t ion may a lso be re lated t o  the emergence o f  virulent 

bac ter ia dur ing ant ibiotic therapy and other med icat ions , the decreased hos t re-
I sis tance by immunosuppression ,  the impairment of other hos t de fenses , the replace·
! 

ment of the norma l flora o f  organisms in the major trac ts of the body by virulent 

or ant ibiotic�res is tant bac ter ia of the hospita l  reservoir during pro longed pre� 

operat ive hospitalizat ion per iods , and the progress ive extens ion of surgica l 

prac t ices in the high-r is k ,  aged , or otherwise debi litated pat ients . 

In a review of surgical  pos toperat ive infec t ions , the ir c lass ific ation 

by anatomic location and patho logic changes is of interes t (Table 4 )  (11 ) . 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


19 

Pos toperat ive Wound Infec tions 

Table 4 .  C las s ificat ion of S urgica l Infec tions 
By Anatomic Locat ion and Pathologic Changes 

I .  Local  Wound Infec tion 

A .  Ce l lulitis 
B .  Suppuration or septic liquefac t ion of t issues 
C .  Abscess 
D .  Sept ic necros is 
E .  Local  wound , sep t ic thromboph le bitis 

II . Regiona l Extens ion 

A .  Ad jac ent t issues by direc t extens ion 
B .  Lymphangitis and lymphadenit is 
C .  Thromboph lebitis 
D .  Per itonitis 
E .  Central nervous sys tem infec t ion ,  inc luding 

meningitis  and brain abscess 
F .  Medias t initis 
G.  Retroperitonea l ce l lulitis 

III . Organ or Viscera l Infec t ion 

IV . S ys temic Invas ion 

Based upon c linica l and laboratory research on the Surgica l Services 

and the Surgica l Research Bac teriology Laboratory of  the Univers ity of  Cinc inna ti  

during the  past 32 years and a review of  per tinent liter ature , an e t iologic 

class i fication of surgical infections has been deve loped (Tab le 5) ( 1 , 1 1 ) . This 

emphas izes the large numbers and var iet ies of  bac teria which may produce wound 

infec tions . 
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Table 5 .  Etiologic C lassif ication o f  Surgical Wound Infe ctions 

I .  Aerobic Bacterial 

A .  Gram-positive cocci 
1. Staphylococcus 
2 .  Streptococcus 
3. Pneumococcus 

B .  Gram-nega tive co cci 
1. Neisseria catarrhalis 
2 .  Neisseria gonorrhoeae 

c. Gr�negative baci llary 
1 .  Escherichia coli 
2 .  Aerobacter aerogene& 
3. K leb siella 
4 .  Pseudanonas aeruginosa 
5 .  Proteus 
6 .  Serratia 
7 .  Paracolgon 
8 .  Alcaligenes fae calis 
9 .  Salmonella 

10 . Haemophilus influenzae 

D.  Gram-positive b acterial 
1 .  Bacillus anthracis 
2 .  · Corynebacteriun 
3. Diphtheroid 
4 .  Bacillus spe cies 
5 .  Mycobacterium 

a. Tuberculosis 
b .  Balnei 

II . Microaerophilic Bacteria 

A. Gram-positive cocci 
1. Streptococcus 

a .  Hemolyticus 
b .  Non-hemolyticus 

III .  Mixed Infe ctions 

A. Aerobic and Anaerob ic 
B .  Gram-positive and Gram-negative 
c. Synergistic 
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Postoperative Wound Infe ctions 

Anaerobic Bacterial 

A .  Gram-positive cocci 
1 .  Pepto coccus 
2 .  Pep tostreptococcus 

B. Gram-p ositive Bacilli 
1. Cl. perfringens 
2 .  Cl.  novyi 
3. Cl . septi cum 
4 .  Cl . histolyticum 
s. Cl . tetani 

c. Gramrnegative bacilli 
1 .  B .  fragilis 
2 .  Bacteroides spe cies 
3. B. melaninogenicum 

Non-bacterial Infections 

A. Fungal 
1 .  C andidiasis  (Candi da albi cans) 
2 .  Ac tinomycosis (Actinomyces  Israe li!) 
3. Nocardiosis  (Nocardia asteroidea) 
4 .  Blastomycosis (Blastomyces nerma titides)  
S. Coccidioidomycosis (Coccidoides · inanit .i .s ) 
6 .  Hist oplasmosis (Histop lasma capsul atum) 
7 .  Sporo trichosis ·  ( Sporotrichum schenckii)  
8 .  Phycamycosis  (Mucor sp . )  
9 .  Aspergillosis (Aspergillus niger) 

B. Viral 
1 .  Herpesvirus 
2 .  Poxvi rus (vaccinia) 
3. Varicella (Herpes Zoster virus) 
4 .  Cytome galoviruses 
S. MUmps virus (parotitis and pancreatitis )  
6 • Po lovirus 
1. Hepatitus virus ( in fe ctious and serum) 
8. Rabies virus 

Finally , I would like to point out two other import an t  conside rations : 

first , that there is considerab le confusion and controversy as to the definition 

of  a surgical pos toperative infection and , secondly , the cl assification of infec

tions based upon the recognition of different degrees of wound contamination (11) . 
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There are s ignif icant d ifferences in the minds of many surgeons as t o  

what ac tua l ly cons t itutes a pos toperative wound infec t ion and particular ly a s ig· 

nificant infec t ion . Th is has emphas ized the importance of estab l ish ing certain 

cr iter ia in order to provide objec t ive definit ions of surgical infec t ions �ich 

would permit cons is tent eva luation and c omparab le reports . Laboratory microbial 

culture s tud ies a lone are not comp le te ly reliab le for a number of reasons which 

inc lude technical l imitat ions of many hospita l laborator ies , inadequate wound 

samp l ing and tes t ing methods , and the report of secondary microb ia l invaders or 

wound contaminants which are incorrec t ly c ons idered to be of pr imary etio log ic 

importance .  Cultures obtained from s tud ies of purulent d ischarges not infre

quent ly are negat ive fo l lowing culture by the usua l  standard technics whereas 

specia l  bac teriologic procedures may revea l  the true pathogen . Moreover , it is 

not unusua l for microorganisms to be recovered from wounds that  are hea ling with· 

out any evidence of  infec t ion . Ind ividua l c linica l judgment thus comes into p lay, 

and this admitted ly may often be subjec t ive and biased . When the five-univers ity 

col laborative s tudy on the eva luat ion of ultraviole t  irradiation was undertaken, 

these fac tors were taken under c ons ideration and uniform cr iter ia were es tab l ish

ed to promote unders tand ing and agreement among surgeons and other observers con

cerned with the prob lem of  wound infec tions . Dur ing the pas t ten years , these  

cr iteria have become re lat ive ly s tandard and have a lso been incorporated in a use· 
fu l c las s if ication of  operat ive wounds in re lat ion to the ir contaminat ion and the 
increas ing r is k  of infect ions . 

CURRENT DEFINITION OF POSTOPERATIVE WOUND INFECTION 

Pos toperative wounds are c ons idered to be definite ly infec ted if there 

is a purulent d ischarge , even if microorganisms are not cultured from the puru

lent mater ia l .  Wounds are cons idered to be uninfected if they heal per primam 

without d ischarge . Minute stich abscesses are exc luded if  the inf lammation and 

discharge are minima l and confined to points of suture penetrat ion or if the in

cision itself heals per primam without drainage . 

In the be lie f  that  c linica l judgment is mos t important in the d iagnos is 

of wound infec tions , however , wounds may be judged infec ted or uninfec ted by the 
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Postoperative Wound Infect ions 

respons:ible surgeon who should be free to diagnose infect ion that doesn't meet 

the above criteria , but not allowed to j udgf! a wound "uninfected "  that does 

meet the above criteria for infect ion . 

OPERATIVE WOUND CLASSIFICIATION 
CONTAMINATION-INFECTION RISK 

A wound classificat ion developed on the basis of a clinical est ima

t:ion of bacter ial density ,  contaminat ion , and risk of  subsequent infection is 

contained in the following out l ine which has now become widely accept ed as a 

standard classificat ion of operat ive wounds (Table 6) . 

Table 6 .  Classification o f  Operat ive Wounds in Relation t o  
Cont amination and Increasing Risk of Infection 

I .  Clean 

A.  Non-traumatic 
B.  No inflammation encountered 
C .  No break in technic 
D .  Respiratory , alimentary , genitourinary 

tracts not entered 

II . Clean-Cont am:inated 

A. Gastrointest inal or respiratory t racts 
ent ered without significant spillage 

B .  Gastrointest inal and repiratory t ract s  
not ent ered 

1 .  Transection o f  appendix o r  cholecyst ic 
duct is considered clean-contaminated 
in the absence of acute inflammation 

2 .  Entrance into genitourinary or biliary 
t ract s is clean-contaminated in absence 
of infected urine or bile 

C. M:inor break in technic 
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III . Contaminated 

A .  Major break in technic 
B .  Acute bac ter ial inflammat ion encountered , 

without pus 
C .  Gross spi l lage from gas trointe s t ina l trac t 
D .  Traumatic wound , fresh , from re lat ive ly 

c lean source 
E .  Entrance  of genitour inary or b i l iary trac ts 

in presence of infec ted ur ine or b i le 

IV . D irty  

A .  Pus encountered 
B .  Per fora ted viscus encountered 
C .  Old or traumat ic wound , or from d irty source 

A clean wpund is cons idered to be a non- trauma t ic , uninfec ted 

operative wound in which ne ither the respiratory , a l imentary , or genitour inary 

trac ts or the oro-pharyngea l cavit ies are entered . C lean wounds are e lec t ive , 

pr imar ily c losed , and undrained wounds . 

C lean-contaminated wouo4s are operat ive wounds in which the respiratory, 

alimentary ,  or genitour inary trac t is entered without unusual contamina t ion ,  or 
wounds wh ich are mechanica l ly dra ined . 

Contaminated wounds inc lude open , fresh trauma t ic wounds , operat ions 

with a major break in s ter ile technic (e . g . , open card iac massage ) ,  and inc is ions 

encounter ing acut e , non-purulent inf lammation . 

D ir ty wounds inc lude old tramat ic wounds and those involving abscesses 

or perforated viscera . The very de f init ion of this c lass i f ication sugge s ts that 

the organisms caus ing pos toperat ive infec t ion are present in the operat ive fie ld 

before operation . 

SUMMARY 

A review of the subjec t  of pos toperat ive wound infec t ion leads to the 

conc lus ion that  this type of surgical seps is is a comp lex phenomenon in c linical  

prac t ice whose d imens ions are rea l , continuing , s igni f icant , and changing . The 

general use of ant ibiotics  dur ing the pas t one - third of a century has had many 
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revo lut ionary effec ts on the treatment of estab l ished infec t ions , but infec t ions 

never the less cont inue to be ser ious problems of wor ld-wide scope . 

I t  has been d isappoint ing to note that ant ibiot ic therapy has not 

decreased the overa l l  inc idence of pos toperat ive infec tions . The es timated cos t 

of  postoperative wound infec t ions in the United S tates dur ing 1967 was approx i

mate ly $ 9 . 8  b i l l ion . This does not inc lude community or home - based and nosocomia l 

infec tions other than wound infec t ions . Whi le we have been success fu l ly prevent

ing s ome types of infec t ion , others have rep laced them . 

There are differences of opinion in the minds of many surgeons , 

micr ob io logis ts , and others as to what a pos toperat ive wound infec tion is . Needed 

are cr iter ia to provide objec t ive de finitions and the mechanism of cons is tent 

eva luation and comparable repor t ing . A c lass ificat i on of operat ive wounds in re

lat ion to the degree of contamination and increas ing r isk  of infec t ion has been 

recommended for these purposes . 

The c ontroversy  over the re lat ive importance of aer ia l microbial 

contaminat ion in the inc idence of pos toperat ive infec t ion has continued s ince the 

las t par t  of the nineteenth century to the present . Exper imental evidence and 

c l inical  exper ience have emphas ized the greater importance of contamination from 

endogenous and exogenous sources through contac t .  I t  is genera lly agreed , how

ever , that  there have been proven examples of infec t ion from aer ia l contamination 

in hospita l  prac t ice , but that add itiona l research is needed to further define its 

importance and to deve lop appropr iate me thods  of control . 
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OPERATING ROOM ENVIRONMENT AN D  DEEP WOUND 
SEPSIS FOLLOWING JOINT REPLACEMENT AT UCLA 

Harlan C .  Amstut z *  

Deep infect ion following total-j o int replacement usually requires 

removal of the prosthetic component s ; therefore , studies concerning the preven
tion and cont rol o f  wound sepsis in total-j o int replacement procedures have high 
priority at UCLA. The main modes o f  surgical in fect ion , direct , airborne , and 
endogenous , were considered with relevance to  exist ing prevent ive measures and 
cont rols . Use of prophylact ic ant ibiotics was found to provide coverage at sur

gery and during the immediate postoperat ive period . Whether the so-called "cle� 

air laminar flow" room can be used safely for total-h ip j oint replacement (THR) 

procedures without the use of ant ib iot ics was also considered . 

This author par tic ipated in one o f  the ear lies t total-hip rep lacement 

(THR) studies (8) � in which . 98 percent of  these procedures were performed with

out the use of prophylac t ic antibiotic s  in conventiona l operat ing rooms and wi th

out h igh ve locity  direc ted hor izonta l f i ltered airf low s ys tems (HVDHFAFS ) . The 

deep seps is rate from this ser ies is now 12 percent in the f irs t 100 procedures 

with a four - to s ix - year follow- up . S ubsequent ly , s tud ies by inves t igators s uch 

as S t inchfie ld ( 7 ) , Coventry ( 5 ) , and Wi lson (8 ) ind ic a te that low infec t ion r a tes 

were ach ieved us ing prophy lac tic ant ibiotics without "c lean a ir laminar f low . " 

MATERIALS AND METHODS 

Contro l  of seps is a t  UCLA inc ludes : 1 )  preoper a t ive eva luation to 

exc lude a l l  direc t s ources of  infec tion ;  prepara t ion of the operat ive s i te ; 2 )  

the use o f  ant is taphy lococca l prophylac t ic antibiotic s; 3 )  eva luat ion o f  me thods 

of  reduc ing or e l iminat ing air borne bac ter ia at  s urgery; 4) s tr ingent control  of 

uro logical  procedures and contro l of other potent ia l  s ources o f  bac teremia& and 

sept icemias ; and 5 )  ear ly d iagno s i s  and treatment of  s ubcutaneous infec tion to 

prevent the invo lvement of deep space ( 2 ) . 

PATIENT MANAGEMENT AND SURGICAL FAC ILITIES 

S ince Oc tober 1970 , a l l  pat ients who rece ived tota l- j o int rep lac ements 

at UCLA have had s tandard preopera t ive preparation and pos topera t ive eva luat ion 

*Profes s or and Ch ie f ,  Divis ion of  Or thopaed ic S urgery , UCLA Schoo l of 
Med ic ine , Los Ange les , Ca l ifornia  
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and c ar e . Spec ia l  e f for ts to avoid intraopera t ive contamination have inc luded 

the we ar ing of double g loves , us e of impermeable disposable drapes , gowns , and 

headwe ar which complete ly covered a l l  ha ir . S tr ingent l imita t ion of opera t ing 

room traffic was a t tempted . 

C l inica l and microbio logical  eva luat ion of 2 74 THR procedures was 

per formed to determine whe ther there was a corre lat ion be tween pos toperat ive in

fec t i ons and air borne organisms present at surgery ( 6 ) . After 167  of these pro

cedure s had been per formed in the modern ( 1953 ) "c onvent iona l" operat ing room 

wh ic h  has 10 to 12 a ir changes per hour , we a ttemp ted to reduce a irborne contami 

na t ion fur ther by ins t a l ling an HVDHFAFS . Th is sys tem ,  ins ta l led in an operat ing 

enc losure 3 . 05 m by 3 . 65 m by 2 . 74 m has an air ve loc ity of 2 6 . 5 m per minute wi th 

400 a ir c hanges per hour . Ini t ial ly , the anc i l lary use of  aspirator s ys tems was 

a ls o  p lanned ; however , bec ause of  the inconvenience and d i f f iculty in communica

t ion during surgery caused by this equ ipment and the overa l l  good results us ing 

the HVDHFAFS with prophy lac tic ant ibio t ics , this add i t iona l change has not been 

made . 

Within this ser ies of  2 74 THRs , a s tudy was made of 1 6  tota l-hip 

rep lacements which inc luded deta i led bac ter iolog ica l samp l ing and spec iat ion of 

operating room air obta ined dur ing surgery and microorganisms cul tured from pa

t ient wounds . Bac ter iologica l s tud ies for operat ing thea ter air were per formed 

dur ing e ight procedures per formed in a HVDHFAFS room . 

A l l  pa tients rece ived sys temic prophy lac t ic antibiot ics and ant icoag 

ulants . One and a ha l f  grams of  me thyc i l l in was given intramuscu lar ly  every s ix 

hours for three doses preoperative ly ,  fo llowed by one gram intravenous ly dur ing 

surgery . At surgery , each pa t ient rece ived 750 to 1 , 000 ml of ant ibiotic irr i 

gat ion solut ion cons is t ing of  1 0  g of neomyc in , 100 mg of polymyxin B and 100 , 000 

units of bac itrac in d i luted to one liter of 0 . 99 percent st erile sal ine . 

After surgery , each pat ient rece ived one gram of this agent intrave 

nous ly every s ix hours unt i l  the intravenous infus ion was d iscont inued ; one ha lf  

gram of  c loxac i l l in was given every s ix hours by mouth thereafter unt i l  the six th 

pos toperat ive day . 
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Operat ing Room Environment 

Pat ients who were a l lergic to penic i l l in received 600 mg of l incomyc in 

or c l indamyc in phosphate intramuscu lar ly every e ight hours for three doses be fore 

s urgery,  600 mg intravenous ly dur ing surger y ,  and 600 mg intravenous ly every e ight 
. 

hours unt i l  the intravenous infus ion was d iscontinued . Then , 300 mg of  c l indamy-

c in hydroch lor ide or 500 mg of l incomyc in were given every s ix hours ora l ly un t il 
the s ix th pos toperat ive day . War far in was given the night o f  s urgery and s ubse
quent dai ly dosages were ad j us ted to ma intain the prothrombin t ime a t  approx i 

mate ly 4 0  to 60 percent o f  contr o l  va lues . 

RESULTS 

Analyses of all 2 74 THR procedures in this series were made in con

j unct ion with microbiological studies of air sampled at the wound site in both 

rooms . Bacterial counts revealed a constant five- to eight-fold decrease in 

the directed flow room (1) . However , durin g  these studies , the microorganisms 

cultured from pat ient s with deep sepsis were usually gram negative and from 

the pat ient ' s  genitourinary t ract . 

Deep sepsis occurred in nine patient s ( two percent ) , all o f  whom had 

been considered high-risk pat ient s for spec ial complicat ions . Seven pat ients 

had previous surgery , three o f  these had previous hip sepsis . Gram-negat ive 

bacteria were cultured from the wounds of eight . One pat ient with negative cul

tures had histological evidence of acute inflammat ion at the t ime of debride

ment three months postoperat ively . Two patients had systemic arthrit i s  and 

associated st eroid therapy . Three had problems o f  obesity and one had minimal 

subcutaneous t issue . During surgery , four pat ient s had excess ive blood loss 

and two received bilateral replacement s .  

To date , a total of  430 THR procedures with a follow-up range o f  six 

months to four years have been performed at UCLA. Since complet ion of  the 274 

THR series , stringent methods o f  reducing urinary t ract infect ions have been in

st ituted ,  .and no sepsis has occurred in the 156 THR procedures subsequent to 

the init ial series . We have tried to avoid catherizat ion ; but when this is 

necessary , patient s rece ive gram-negat ive suppress ives (Gantrisin ,  Furadant in ,  
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or Hyprex ) , and adequa te ant ib iotic treatment when the catheter is removed . The 

impor tance and rationa le of prevention has been summar ized in previous ar t ic les 

( 2 , 3 ) . 

Initially , there were slightly higher deep seps is  rates  in total-knee 

j oint replacements . All of  these procedures were performed in the HVDHFAFS room. 

In the first 100 procedures , the deep sepsis rate was four percent . In the next 

s eries of 125 pat ients followed for s ix or more months , the infect ion rate de

clined to one percent . Factors that seem to correlate with poor wound healing 

include the superficial nature of  the j oint and possibly the close pos it ioning of  

the surgeon ' s  skin to the operat ive wound site . This was evidenced by the pres

ence of  staphylococcus epidermidis in two deep infections . The decline in THR 

s epsis reflects the increased care in ensuring wound healing during the postoper

at ive period . 

The ques t ion remains unanswered as to whe ther surgery can safe ly be 

per formed in "c lean a ir laminar f low" rooms with or without · isolat ion systems , 

without the use of prophylac t ic ant ibiot ics to provide coverage at  surgery and 

dur ing the immediate pos toperative per iod . I f  ant ibiot ics prevent rep l icat ion 

of infec tious organisms wh ich d irec t ly contaminate the wound intraopera t ive ly , 

then we mus t cons ider whether the use of HVDHFAFS is needed . However , the air

borne bac teria should be per iod ica lly  cultured and spec iated to determine whe ther 

gram-negat ive organisms are present . We a lso need to de termine whether the prophy-

lact ic ant istaphylococcal ant ibiotics increase  wound sus cept ibility to infection 

from gram-negative organisms . 

The h igh-ris k  pat ient may require the me thods of "c lean a ir" , p lus 

is olation s ys tems , p lus prophy lac t ic antibiotics  to prevent infec t ion . Cer tainly ,  

if  "c lean a ir"  sys tems are t o  be used, they should be used proper ly , e . g . , the 

operat ing tab le should be p laced c lose to the f i l tered a ir inle t and or iented in 

a way to max imize unobs truc ted passage of a ir through the region of the s urgica l 

s ite (4 ) .  
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LOCAL AIRFLOW PROTECTION OF SURGICAL WOUNDS 
TO PREVENT AIRBORNE CONTAMINATION 

William E .  Anspach , Jr . * 

M. Bakels 

I t  is well es tab lished that wounds can be contaminated by airborne 

b acteria. That these airborne bacteria are a signifi cant cause  of pos topera

t ive wound infect ion , however,  has not been proven . If one reviews the avai l

ab le literature on wound infect ion , one must reasonably cons ider that the air 

is one of many poss ible modes of surgical contamination . 

Charnley ' s infection rate in to tal-hip replacement surgery has de

creased dramatically in recent years ( 2 ) . He attributes thi s  to his clean 

room facility .  One cannot help but feel that the same effect may have come as 

a result of his increased experience with the procedure and , in p art , to  his 

elaborate preoperative preparation of  the patien t .  Ser ies of  cases presently 

being gathered in the United States (4 )  already show that a super-clean ordi

nary operating room in which the surgeons follow a rigid aseptic  technique ,  

and in which modifications to present air filtration sys tems are made , can re
sult  in an infection rate for total-hip replacemen t as satis factory as 

Charnley ' s  (13) . These are relatively early s tudies , and with the well  known 

de l ayed onse t of infe ction in total-hip replacement surgery , the figures may 

not s tand the test of time .  If one approaches the problems of  surgi cal wound 

contamination with these thoughts in mind , and realizes that  the air is only 

one mode of bacterial transport , then a rational program to eliminate these 

factors can be considered .  

Bacteria range in  size from 0 . 3 p  to over lOp . Bacteria in air will 

usually no t appear s ingly , but rather in droplets , in dried droplet nuclei , at

t ached to  dus t , or on epithelial cells . The parti cles wh ich carry these micro

organisms are usually 8p to l4p in diamete r (9 , 10 , 11) . It has been appreciated 

for some time that the highest concentrat ions of  bacter ia in an operat ing room 

are found within the circle of the surgical team , directly over the wound ( 3 , 8) . 

It is  ironic that such is the case , but its cause can be readily unders tood 

when one considers that the wound is "where the action is . "  This is where the 

surgeon ' s  breath forms a drople t aerosol , and his face and neck shed bacteria

laden par ticles of skin and sweat . 

* 
North Palm Beach , Florida ; Member of the Commi ttee on Operating Room Environment 
and Surgical Asepsis o f  the American Academy of Orthopaedi c  Surgeons . 
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To become infec ted ,  a wound mus t not only have a low res is tance , but 

the virulence and dose of bac teria mus t be subs tantia l . In the presence of  

fore ign mater ial , the infec t ive dose of bac ter ia is subs tant ia lly  less  than i n  
its absence  ( 3 , 5) . I t  is in  these wounds that sma l l  quant i t ies of  a irborne 

bacter ia previous ly cons idered ins ignificant may p lay a major role in the onse t 

of a subsequent infec t ion .  

I t  is general ly agreed that the operating room personnel and pat ient 

are the larges t source of bac ter ia (6 , 11) . It i s  the refore only reasonab le 

that  attempts be made to isolate these reservoirs from the surgica l  environ

ment de�pite the type of a ir f i l trat ion sys tem used . 

Unidirec tional a irflow sys tems for removing bac ter ia from the a ir 

in operating rooms are generally qui te expensive , ho t ,  and frequently noisy . To 

e l iminate the heat generated by the e lec tr ic motors and compress ion of a ir be

hind filter banks , maj or mod i f icat ions to exis ting a ir cond it ioning s ys tems 

may be required . Ma j or changes in e le c tr ical  wir ing and in the cons truction 

of  the operat ing suite itself may also be required . Ho rizontal laminar-flow 

wa l l  sys tems have the d isadvantage that  they create laminar f low for only a 

d is tance of  approx imate ly three fee t from the f i lter bank (8 ) .  From this point 

the air becomes turbulent , and this effect  is accentuated by the presence of 

any obs truc tion in the a ir flow ,  i . e . , ins trument tables , the operat ing table , 

and the surgical team . Because o f  this turbu lence , i t  is conce ivab le that 

eddy currents set  up about the operat ive s ite could ac tua l ly bring a ir from 

the surgeon ' s head and nec k into contac t with the wound .  

Because of  the aforementioned prob lema concerning turbulence , cos t , 

heat , and noise generation in exis t ing c lean air sys tems , a new me thod was de

veloped . I t  was fe l t  that p lac ing a s ource of unid irec t iona l f low bac ter ia

free air quite c lose to  the wound c ould e l iminate much of  the undes irable tur

bulence  at  the operative s ite . By making the air f i l tration uni ts sma l l , i t  

was hoped that heat , noise generat ion , and cos t c ou ld b e  kept t o  a minimum . 

In ear ly 19 7 1 , after much tr ial and error , such  a s ys tem was devised . I t  was 

not unt i l  a year later that Dr .  Beck ' s ( 1) work on a similar sys tem was 

�------ - � -� 

--
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b rought to our attent ion . A prospe ctive controlled s tudy was des igned to 

evalua te its ef fect on the number of bacteria and particles at the wound and 

over  the instrument tables during surgery , and on the particulate conten t of 

the operating room outs ide the dire ct flow of air . All s tudies  were conducted 

in a small community hospi tal on clean orthopaedic and general surgical cases . 

A fil te r  sys tem was devised which proj ects essen tially s terile air 

at a des ired tangent ial angle across the surgical wound.  The air is  f irst 

pa ssed through a prefilter which removes large particles o f  lin t  and dus t , 

then it  is forced through a high efficiency par ticulate air (HEPA) filter 

which removes 99 . 9 percent of  all particles 0 . 3� and larger . The exhausted 

air obtains its identity and flows in smooth , streamline , or laminar-flow 

prof iles having a Reynolds number less than 2 , 000 . This air is  then pas sed 

through an exit nozzle which was made removable for sterilization so that it  

could be moved into close proximity to  the surgical wound.  The ent ire unit 

was moun ted on an adjustable base , so that the height and the potential flow 

core angle could be changed at will (Fig . 1) . 

The max imum des ign capac ity of  the uni t  was 2 , 000 c ubic fee t per 

minute ; however , the blower speed was var iab le so tha t flow rates could be ad

j us ted .  In an average operat ing theater , the a ir theoret ic a l ly could be f i l 

tered in one minute . Ac tua l ly , par t o f  the air wou ld be in a rec irculat ing 

sequence , and the probabi l ity wou ld be that in a 2 , 000-cubic foot operat ing 

room , 50 percent would have passed through the sys tem in one minute , and 90 

percent would have been exchanged in approximate ly 10 minutes . 

AIRFLOW STUDIES 

Several  s tudies of air jets  exhaus t ing into quiescent air were made 

to achieve a laminar air profi le having a cons tant ve loc ity region as wide as 

poss ible from a sma l l  source . 

I f  air is exhaus ted through a f i l ter at uneven press ures ,  the high 

press ure zones wi l l  tend to mix with low pressure areas . Thus , the s treaml ine 

having the higher pressure  wi l l  shear the weaker s tream , become uns tab le , and 

eventua lly  break up to form vor t ices . These vor tices wi l l  transport mass in

er t ia , temperature , and any other charac ter is t ics s lowly across the s tream . 
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Fig . 1 .  Filter  un it on an adj ustable base . 
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Due to the impor tance of equa liz ing the pressure over the HEPA fi l ter 

face , a ser ies of vanes was developed and mounted at the b lower exit orifice . 

The extreme turbu lence created by these  vanes resulted in a remarkably equal 

d iffus ion of pressure behind the HEPA f i l ter . 

Air f low measurements were made with a hot wire anemome ter for low 

velocity f lows and for de termining the turbulent regions . A Kie l probe in 

conjunc t ion with a s ix-degree inc l ined micromanome ter was used to plot  the core 

flow region .  To fur ther extend the laminar airflow region , a low angle nozz le 

was des igned so that the filter exi t  flow would be compressed and thus maintain 

i ts identity for a longer t ime when exhaus ted into ambient environment . 

Entrainment of  room air into the c lean zone was d iscouraged by 

p lac ing s ter i le drape shee ts at  a tangentia l  angle along the s ides of the ex i t  

nozz le . The operating team a long the table i s  usually in quite close contact 

with these drapes so  that a partial  s ide wal l  a long the s ter i le f low is created . 

Warren ( 12) , Kranz ( 7 )  and o thers have shown that air s treams will 

remain l inear in a cons tant ve loc i ty coneshaped pattern when re leased from an 

orifice for a d is tance equal to approximate ly three t imes the or ifice  d iame ter . 
I 

That this d istance was extended by the incorporated modifications to  

the air source is shown in Figure 2 ,  wh ich i llus trates the ac tua l  measured a ir 

patterns . The centra l tr iangle of the d iagram should be cons idered a three

dimens iona l cone . · 

The apex o f  this constant ve loc i ty region where the flow is laminar 

extends to s ix fee t e ight inches from the f i l ter face , after which the ve loc i ty 

drops and gradua l ly becomes zero . As can be seen in Figure 2 , the f low becomes 

less laminar outs ide the central  core . The outer funne l-shaped area is the edge 

of the flow profile in which maximum mixing with ambient a ir takes p lace . I t  

de l ineates the mos t per iphera l area in which the f i l tered air has any effec t ,  

and where zeno ve loc ity was measured wi th the hot wire anemometer . 
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PARTICLE COUNTS 

Par t ic le counts were  obtained us ing a Cou lter 550 A irborne Par t ic le 

Counter wh ich tabulates the number of 0 . 5� par t ic les per cubic foot of aspirat-

ed air . A hose  was run from the counter to the area in wh ich air was to be 

samp led . Dur ing surgery , a s ter i le p las t ic tube was c lamped into the s urgical 

inc is ion so that i ts or i f ic e  aspirated a ir d irec tly  from the wound . It has 

been our exper ience that  when s tudies of airborne par t ic les are made in an 

operat ing room, they are se ldom taken d irec t ly from the wound but rather from 

an ad jacent area which would not produce  data representative of the ac tua l 

wound . Contro l samp les were taken with the a ir unit  turned off but with the 

tube left  in i ts or iginal pos ition .  Intermittent l y ,  dur ing each surgic a l  case , 

air samples were taken over the ins trument tables . Par tic le counts were also 

taken with and wi thout the s urgica l team ' s hands and arms in the air f low . 

Figure 3 compares the number of  0 . 5� par t ic les counted per cubic 

foot of air at the wound dur ing s urgery within the a ir f low , and part ic les 

counted with the ·unit  turned off . The a ir unit  was a lways kept within 42  inches 

of the wound and c loser , if poss ible . The average of 6 1 . 3  par t ic les per cubic 

foot with a ir uni t  turned on is cons iderab ly less than the 19 , 54 1  par t ic les per 

cubic foot found in the same area with the s ys tem off . 

I t  was ini t ially fe lt  that the turbulence generated by the surgeon ' s 

hands and arms in the a irf low would adverse ly affec t par t ic le counts . There is 

no ques tion that turbulence is generated in this fash ion , but we were surpr ised 

to find that  the par ticula te content rose only if the surgeon ' s hands were 

placed d irec t ly upwind and in line with the samp l ing probe . If the hands were 

p laced even an inch or so  above the samp l ing or ifice , no increase in the par 

tic le count was recorded . I t  is hypothes ized that the centra l core o f  laminar 

flow air is quite uniform and that trans fer of part icu late matter from one 

lamina to another occ urs only with some d ifficulty in this region . Par t ic le 

counts made over the back ins trument tab les averaged 1 , 500 - 2 , 500 0 . 5� part icles 

or larger per c ubic foot with the unit  on , as compared to 15 , 000 wi th the unit  

off . 
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�CTERIOLOGIC SAMPLING 

Viable a irborne par t ic les were counted by c lamping two s ter i le 

p las tic hoses with the ir or ifices d irec t ly a t  the wound edge . The hoses were 

kep t  as shor t as pos s i b le to minimize entrapment of bac ter ia a long the ir inner 

wal ls , and were connec ted to e i ther a s tandard mi l l ipore a ir samp ler or a s l it 

samp ler . 

The mi l l ipore samp ler is , essent ia l ly ,  a s ter i le chamber containing 

30 cc bra in-hear t  infus ion broth . A ir is projec ted into the broth , thus trap

p ing mos t part iculate matter . This culture media is then passed through a 

mi l l ipore f i l ter where bac ter ia are depos ited on its sur face . A pad beneath 

the fi lter is kept  saturated with a nutr ient med ia to promote bac ter ia l growth . 

This sys tem , a l though theore tica l ly quite effic ient , has many d isadvantages . 

I t  is fragile , difficult  to set  up , samp les only one cubic foot of a ir , and if  

the s lightes t error is made when the broth is  drawn through the f i lter , the 

fi lter is lef t  too dry and very l it t le growth wi ll  result . At  the present 

t ime a l l  counts are taken with a New Brunswic k STA- 10 1  s l it samp ler which moni 

tors two cubic fee t  per minute . 

The exper imental samp les were t aken with the air unit  on , and the 

control samp les aspirated from the same region with the f i l ter turned off . In 

ten c lean or thopaedic cases an average of . 83 viable par t ic les per cubic foot 

were found with the unit on , as compared to 12 . 5  with i t  off , Figure 4 shows 

simi lar data except the samp les were col lec ted by a s lit  samp ler (New Brunswic k 

STA- 101 ) . In this ser ies , a compar ison was made to a hor izonta l air wa l l  sys 

tem ins ta l led in the same opera ting room .  

The types of bac teria iso lated on blood agar �re shown as approx imate 

percentages in Figure 5 .  These compare favorably with s tud ies per formed by 

��� (� . 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


42 

William E .  Anspach , Jr . 
M. Bakels 
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3'4 (\eM\ Or\"oped •C. Co:�e$ 

S\ lt Sacn��r 
· - · -- - - · · ·· · · - - ·-

wound Ra�e I nstruMEmt Ranse 
Avef"Cl!)e To ble. 
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Fig . 4 .  Vi able par ti cles per cubi c  foot . 
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Fig .  5 .  Types of bacteria.  
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Local Airflow P rotect ion 

DISCUSSION 

The present report describes the effec t iveness of locally directed 

clean air for the protect ion of surgical wounds from airborne contaminat ion .  

The core area o f  true laminar flow across the wound was found to 

form a very effective barrier to prevent particles dropped into it from 

reaching the wound . Particulate matter generated by the surgical team and 

entrained in this flow could , however ,  be carried away and depos ited on the 

open instrument tables . This does not seem to be a significant factor however ,  

as the counts over these tables were satisfactorily low . To minimize this 

posibility , we are now using aspirator suits for all personnel in the opera

t ing room. The surgeon ' s  expelled breath is exhausted via a small vacuum sys

tem into the air unit ' s  HEPA f ilter where it is isolated from the ambient 

environment .  I t  may be that these addit ional steps are unnecessary , as the 

total room counts are �ite low . On the other hand , it may eventually be 

proven that isolating the surgical t eam and the patient from the operating 

room atmosphere will result in such low air bacterial counts that no special 

air filtration system may be required . 

SUMMARY 

A portable air filtration unit for use in hospital operating rooms 

has been described . Prospective studies of its effec t iveness in controlling 

airborne �articles and bacteria were presented , and compared to a horizontal 

wall system . It  is concluded that both systems signif icantly decrease the 

number of airborne bacteria . 
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THE DEFINING OF BIOLOGIC CLEAN AIR AND ITS CLINICAL SIGNIFICANCE 

William C .  Beck* 

Every surgeon wan� s to work in an operat ing room surrounded by 

b iologically clean air . The Commit tee on Operat ing Room Environment o f  the 

Amer ican College of Surgeons publ ished a posit ion paper in 1972 in which it 

ment ioned clean air emerging from a f inal bacterial f ilter . It is generally 

bel ieved by this committee that the 1972 st atement is s t ill valid . 

There is presently no de f init ion o f  b iologic clean air . I f  one 

wants to make any specificat ion in e ither the des ign , the funct ion , or the 

e ffects of the use of e ither convent ional vent ilat ion or special air systems 

in operat ing rooms , one is forced t o  employ the definit ions of  Federal Stan

dard 209B (2) . This standard makes reference only t o  the part iculate control 

parameters and not to desirable microbial control condit ions . It stat es that 

airborne microorganisms are a part of the part iculat e count of the different 

-air cleanliness classes . 

An att empt was made in the NASA standard for the microbially con

trolled environment t o  adapt the clean air of industry by engrafting "bio

clean" concept s  upon the part iculate ones . 

In surgery , we have no informat ion at all that nonviable part icu

lates have any adverse e f fect s upon the healing processes , at least in the 

numbers found in our operat ing rooms (although Warren Cole has suggested that 

airborne powders from rubber gloves might supply raft s for carrying micro

organisms) ( 1) .  Therefore , many of  the constraints imposed by either 209B 

or NHB 5 340 . 2  ( 4J do not apply to surgical environments . 

There stil l  remains a need for a definit ion of  biologic clean air . 

It is not difficult t o  create such a st andard if  one uses the guidelines on 

which the part iculate standards were based : the recognit ion of  degrees o f  

cleanl iness or , to stay with exist ing t erminology , Biologic Cleanl iness 

Classes . 

*Pres ident , Donald Guthrie Foundat ion for Medical Research , 
Sayre , Pennsylvania . 
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CREATING A DEFINITION 

Some conference , such as the one in which we are present ly 

part icipating , could create a commit tee which would set up three or four 
levels of air cleanliness . Federal Standard 209B does this ( Table 1 ) . 

Our committee could do it in an ident ical manner (Table 2 ) . 

There would also be needed a variety o f  other definit ions which 

would enable the des igner to specify , the manufacturer to provide , and the 

experimenter to evaluate the effect of clean air systems , both convent ional 

and special . These can parallel 209B . It must be remembered that the min

imum requirement s of construct ion and equipment for hospital and medical 

facilit ies of the Health Resources Administrat ion (HEW- 74-4000 ( 3 ) , wh ich 

are guides to all engineers and architect s ,  define filter efficiencies , air 

changes , pressure relationships , et c . , for all hospital areas . These are 

the convent ional systems which also should be put to test for level of bio

logic cleanliness . 

Certain decis ions will be necessary . The first , of course , would 

be to accept viable part icles rather than bacterial count s .  The second 

would be to accept the use of a specified volumetric air sampling syst em with 
certain minimum feet per minute so that stat ist ically val id figures were ob

tained . 

SIGNIFICANCE 

From an economic standpoint , it might prove very useful to have a 
standard of biologic cleanliness and not have to rely upon 209B . Ulrich , 

Cribbs , and Michaelson ( 5 )  have shown that High Efficiency Particulate Air 

(HEPA) filtrat ion is not necessary in removing viable part iculates . Other 

studies have shown that completely acceptable results are obtainable using 

99 . 0  percent efficient filtrat ion rather than the previously ubiquitous BEPA 
filter . Possibly even lesser filtrat ion would be even more efficient thus 

permitting lesser blowers , lowered noise , and diminished cost . Such effect 

can only be sought if we can define the clean air for surgical environments .  

The clinical s ignificance o f  such a definit ion wil l  permit us to 

evaluate whether or not special air systems are worth the added expense , and 
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The defining of  Biologic Clean Air and it s Clinical Significance 

m�ght extend the studies of the type which have been reported at the 

conference with a baseline of a common definit ion . This will reduce one of  

the variables in the study of surgical nosocomial infect ion . 

Table 1 .  Air Cleanliness Classes 

Maximum number of 
part icles per cu ft 

(per liter) * 
0 . 5 micron & larger 

100 ( 3 .  5 ) * 
10 , 000 ( 350) * 

100 , 000 ( 3500) * 

*Metric system 

Class 
Engl ish System 
(Metric System) * 

100 ( 3 . 5 ) *  
10 , 000 ( 350) * 

100 , 000 ( 3500) * 

Maximum number of 
part icles per cu ft 

(per liter) * 
5 . 0  micron & larger 

65 ( 2 . 3 ) *  
700 (25 ) *  

Table 2 .  Air Cleanliness Classes 

Maximum number of Maximum number of Maximum number o f  
bacterial part icles bacterial part icles particles in total 
per cu ft per cu meter sample t est  o f  

( ) feet 

1 * 35 ( 30) 30 
5 ** 175  ( 30) 150 

20 *** 700 ( 10) 200 

*Class 1 Microbiologic Cleanliness : viable microbiologic airborne 
part icle count s not to exceed one part icle per cubic foot of air , with 
a minimum sample of 30 cubic feet of air . 

**Class 5 Microb iologic Cleanliness :  viable microbiologic airborne 
part icles to average more than one and up to five per cubic foot of air 
with a minimum sample of 30 cubic feet of air . 

***Class 20 Microbiologic Cleanliness : viable microbiologic airborne 
part icles to average more than five , and not t o  exceed 20 per cubic foot 
with a minimum sample of 10 cubic feet of  air . 

These classificat ions are based upon viable microbiologic 
particle counts ( colony forming unit s ) . Count s  are to be taken during 
periods of normal work act ivity at a location which will yield the vi
able part icle count of the air as it approaches the location of the 
actual site of the work and/or equipment used in the work . This may 
be at a surgical incision , at an instrUment t able , etc .  The site must 
be described for each sampling including sur face , height from floor , 
relat ion to walls , etc .  Rel iability is achieved by mult iple repet i
t ive sampling . 

,. 
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ULTRACLEAN OPERATING THEATRES 
VERSUS CONVENTIONAL THEATRES--

A CONTROLLED CLINICAL TRIAL 

George Bent ley and Andrew B .  Simmonds*  

From early times it was appreciated that contact contamination 

could be reduced by improved hygiene (Semelweiss 1861) . Later Lis ter improved 

wound sepsis by ant iseptic surgery . The role of airborne bac teria in the 

aet iology of sepsis was f irs t introduced in relation to burns (Bourdillon and 

Colebrook 1946 ) . The use of Plenum ventilation gradual ly replaced exhaus t  

ventilation in the 1950s (Girdlestone e t  al . ,  1951)  and different types were 

evaluated by Blowers and Crew (1960) . The logical extension of this work was 

the introduction of clean air downward l inear flow enclosures (Charnley 1964) . 

During the 1960s , the American aerospace indus try introduced industrial laminar 

f low clean rooms with High Ef ficiency Part iculate Air (HEPA) fil ters , and these 

were later introduced into medical prac tice (Lidwell and Towers 1969 , Whyte 

and Shaw 19 73) . Both developments result in substant ial reduc tion in airborne 

bac teria (Charnley 19 72 , Lidwell and Towers 1969 , Sco t t  19 71)  and the relative 

merits are largely logistic . Improved surgical wound seps is rates have been 

claimed by Charnley (1969 , 19 72)  by operating on pat ients in ultra-c lean air , 

although similar low seps is rates have been reported by others us ing systemi

cally adminis tered prophylac tic antib iot ics in a conventional operating room 

(Coventry et al . ,  19 74 ) . The need for a controlled clinical trial of these 

ultra-clean air systems is clear , and so far has no t been performed . This 

paper describes the early resul ts of a trial in which air contamination , wound 

contaminat ion , and wound infection were compared in two vert ical laminar flow 

enclosures and a convent ional operating room . 

METHOD 

Af ter six month� practice with body exhaust  sys tems a cont rolled 

clinical trial was set up . A physical assessment of the a irf low pat terns 

*Nuffield Department of Orthopaedic Surgery , Nuffield Orthopaedic 
Centre , Oxford , England . 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


50 

Ultra-Clean Operating Theatres 

within the enclosures and a conventional operating room was made us ing the 

Biamine bubble technique (Carpenter and Moulsley , 1972) . All pat ients having 

total-j oint replacement surgery were randomly allocated to either conventional 

theatre or enclosure independently for each of f ive orthopaedic services . Pre

operative urinary , nasal ,  and perineal bacteriology was performed . During the 

operat ion three set tle p lates were placed as follows : one immediately behind 

the operator , one on the opposite side of the operat ing table , and the third at 

the foot of the table . Volumetric assessment was made by slit sampler s tudies 

( 700 l itres /min ; 20 f t
3

/min for three two-minute periods on a limited number 

from both environments using a s terile wide-bore polythene extension tube asp ir

ing air from the immediate vicinity of the wound . 

Quant itative wound bacteriology was performed by a washout procedure 

(after Blowers 1973) . One hundred fifty millilitres of 25 percent Ringer saline 

solut ion were washed into the blood-free wound at the close of su�gery . (Fig . 1) . 

QUANTITATIV. WOUND SAMPLING (after Blowers , 1973 ) 
TOTAL NUMBER PERFORMED 245 

CONVENTIONAL THEATRE 116 
ENCLOSURE 129 

blood agar 

0.45J�-- Ei!!!!�9 

• � 5000 rpm. ILLJ o ·c 
S min. 

Fig . 1. Method of  wound washout and quant itative 
sampl ing (after Blowers , 1973) . 

37'C 
48 hrs . 

I ·  

-- -
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�e fluid was collected in a sterile pot , cooled , centrifuged , and the 

sup ernatant filtered through a double millipore chamber (3 1.1 and 0 . 451.1) . Each 

f :1.1 t er was washed through with Ringer saline and the filters placed on blood 

a gar plates . The deposit was made into . ,a pour plate after mixing into 20 mls . 

o f  1iquid nutrient agar . The filtrate was assessed for ant ibac terial ac t ivity 

as the pat ients routinely received systemic cloxac illin prophylaxis with the 

premedication one hour before induct ion of general anaesthesia . 

P-ostoperat ively , wounds were individually examined and discharges 

were assessed bac teriologically . Rout ine and independent follow-up has been 

per formed on all patients .  

RESULTS 

The Pat ients 

Three hundred and s ixty s ix total-j o int replacement s  were performed 

over the 10-month period studied , 225  in the enclosures and 141 in the conven

t ional operating room (Table 1 ) . 

Table 1 .  Total-Joint Replacements Performed 

ENCLOSURE CONVENTIONAL TOTAL 

225 141 366 
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Staphylococcus aureus was grown from the nares in 27 pat ients (19 . 8  percent ) 

and from the perineum in nine pat ient s ( 7 . 5  percent ) .  The midstream speci

mens of  urine contained coliforms in 18 patients  ( 14 . 5  percent) . 

Airflow Pat terns 

The assessment of the airflow patterns was a rewarding exercise 

and revealed satisfactory l inear flow rates of 100 f t /min in the central par t  

of the enclosure with slower flow rates of  3 0  to 9 0  f t /min a t  t h e  s ides (Fig . 2 ) . 

Fig . 2 .  Photograph of air bubble pat t ern in Charnley-type en
closure demonstrated by Hiamine technique of Carpenter and Mousley 
(1972 ) . 
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The pat tern of airflow in the conventional operating theatre was 

from �nlets on the upper wall at one end , across the theatre diagonally to 

exhaus t vents immediately above floor level at the o ther end . The conventional 

operat ing room was found to have more turbulent flow than had been previously 

thought with variable flow rates [ 30 to 90 f t /min in the operat ing area but 

with considerable mixing and recycling (F�g . 3 ) ] .  

Fig . 3 .  Air bubble pat tern in conventional theatre at operat ion s it e  
showing satisfactory horizontal flow • 
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Bacterial Colony Counts 

Settle plate s tudies revealed a 10-fold difference between the 

airborne bacteria in the two environment s (Table 2 ) . 

Table 2 .  Airborne Bacterial Sedimentat ion 

ENCLOSURE 1 

ENCLOSURE 2 

CONVENTIONAL 
THEATRE 

Mean 
col.; sq. ft.; hour 

14.87 

16.28 

166.72 

Standard 
Deviation 

11 .94 

12.07 

65.94 

These remained fairly constant throughout the study . Volumetric sampling by 

slit sampler was more difficult but the result s  showed a s imilar 15-fold dif

ference between the two environments . There was , however , an approximate 20 

percent tube bss resulting in lower,  recovery rates than would have occurred 

were it possible to sample air without this exentsion tube . The result s  are 

shown in Ta� le 3 .  
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Table 3 .  

VOLUMBTRIC SAMPLING AIRBORNB BACTBAIA 
slit samples - 3 samples of 1400 litres (SOcuJt. ) 

total air volume sampled - 4,200 litres (150 cu.ft.) 
tube loss c. 20 /. 

ENCLOSURE CONVENTIONAL THEATRE 

SLIT SAMPLES 0.38 c;cf 

BACTERIAL av. 10 
SEDIMENTATION col.;sq.ft.;hour 

5.3 c;cf 

av. 150 

col.;sq. ft./hour 

Wound Contamination 

Result s  o f  quant itat ive wound samples are shown in Figure 4 .  The 

maj ority o f  pat ient s from both environment s had minimal contaminat ion but 

small numbers from both environment s had more than 30 organisms recovered . 

These small number of  "significant " washouts  are tabulated in Tables 4 and 

5 .  It can be seen that there is a large number o f  high wound washout s from 

the convent ional theat re [ 1 7  out o f  117  (15 percent ) ]  than the enclosures 

with 9 out of 130 (7 percent ) .  Applying t he x2 test the result is 3 . 7 8 

2 (X • 3 . 84 indicat ing s ignificance at f ive percent level) so these results  

are of borderl ine s ignif icance .  
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Fig . 4 . 

QUANTITATIVE WOUND SAMPLING 

total no. 
washouts performed 

• -c 
., 

; al 
Q. 
0 
0 
z 

.conventional 1 1 6  

Otent 129 
245 

No. of colonies per washout 

Table 4 .  

QUANTITATIVE WOUND SAMPLING 

no. of organisms grown : < 30 30-100 

CONVENTIONAL THEATRE 100 9 

E N C LOSURE 1 2 1  4 

> 100 

8 

5 
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Table 5 .  

QUANTITATIVE WOUND CONTAMINATION 

no. of colonies : < 30 

CONVENTIONAL THEATRE 1 00 

ENC LOSURE 1 21 

Total  221 

>30 

17 

9 

26 

total 

117 

130 

247 

X2= 3. 78 ( X2 signif icant at 57. - 3.84 ) 
i.e. BORDERLINE SIGNIFICANCE 

If these result s  are analysed from a lower level of washout the 

results become s ignificant . For example , results  comparing the two theatres 

taking washout s  over 20 organisms show that the convent ional theatre has a 
2 

higher statis t ical number (p • 0 . 0001 , X • 7 . 94 ) . However , we decided to use 

the former level , since Lowbury and colleagues were able to recover up to 28 

organisms regularly in wounds which were not infected using a different method 

in hip fractures (Lilly et al . , 1970) . The organisms recovered from washouts � were all skin commensal , and were roughly indentified by their colonial appear

ance . 
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The influence of systemic ant ibiotics on the growth of  organisms is 

interesting . Antibacterial act ivity was noted in 29 . 8  percent of the washout s 

and there was an overall reduct ion in numbers of organisms recovered from t hese . 

However , there were four notable except ions in which large numbers of organismas 

grew out in the presence of antibacterial act ivity in the f iltrate (Table 6) . 

Table 6 .  Presence o f  Antiob iotic Act ivity in Washouts 

organisms : < 30 30 - 100 

PRESENT 62 ( 31 .  74)  2 

ABSENT 133 (68.3% ) 11  

> 100 

2 

11 

Percentage with antibiotic in washout 29.8 x  

CLINICAL FOLLOW-UP 

total 

6 6  

155 

The clinical follow-up is , as yet , too short to provide clinical 

correlation with crude sepsis figures . Only three pat ients have developed 

probable or certain sepsis , two from the convent ional threatre , and one from 

the enclosure . Two of the patients had "signif icant " washouts of more than 

30 colonies (one from the convent ional theatre and one from the enclosure) . 

At the same time there were eight wounds in the enclosure and 16 wounds in 

the conventional theatre with more t han 30 organisms , but no infection at  

6-12 months . 
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DISCUSSION 

It is likely that sepsis in j oint replacement surgery arises through 

wound contamination at the time of surgery . The source of contamination remains 

uncertain , and modern ultra-clean operating environment s  can predictably reduce 

airborne bacteria . Whether this can eliminate or reduce contaminat ion from 

contact sources is doubtful . 

In the vertical laminar f low enclosure , the prevent ion of contact 

contamination depends on the ef f iciency of the body exhaus t  systems . 

Quant itative wound sampling in our study has demonstrated a trend 

toward less wound contaminat ion in vert ical laminar flow enclosures using body 

exhaust systems , compared with s tandard operat ing dress in a conventional 

theatre . There remains , however , a small unpredictable group of cases in which 
• 

heavy wound contaminat ion occurs , the source of which is uncertain . 

SUMMARY 

1 .  Three hundred and s ixty six total-j oint replacement s were randomly allocated 

to one of two clean air enclosures or a convent ional operat ing room . 

2 .  Physical evaluation of the airflow pat terns by the Hiamine bubble t echnique 

was instruct ive and simple . 

3 .  A lQ-fold difference in airborne bacteria was no ted with the higher levels 

in the convent ional room. 

4 .  Quant itat ive wound sampling has revealed a higher rate of  wound contamina

t ion in convent ional rooms than in the laminar flow enclosures , the s ignifi

cance of which is unknown . 

5. Three wound infections have occurred : two in the conventional theatre and 

one in the enclosures . Two of these had "s ignificant " wound contamination 

at the time of surgery but 24 wounds had a "significant " contaminat ion with 

no infect ion . 

6 .  The relat ive importance of impermeable theatre clothing in the different 

operat ing environments  is not yet evaluated . 
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Lewis L .  Coriell* 

Laminar airflow vent ilat ion is  widely accept ed as being the most 

efficient method for removing part icles and microorganisms from air . The two 

principles involved , ult rafilt rat ion through High Efficiency Part iculate Air 
(HEPA) filters and rapid piston-like displacement of air assures almost compl ete 

freedom from viable airborne microorganisms . HEPA filters were first developed 

by the Army Chemical Corps for use in respirators and sampl ing devices (17) and 

long experience has confirmed that when properly installed they are durable and 

efficient for removal o f  airborne bact eria and viruses . The value o f  the laminar 

flow principle described by Whit field (45)  has been confirmed in many studies , 

even though t rue laminar flow is never achieved in pract ice . The term should be 

replaced by a more appropriate descriptor . " Laminar flow" has come to mean ven

t ilation velocity o f  100 ft /min throughout an enclosure as recommended by 

Whit field and reinforced by issuance o f  US Air Force Technical Order No . 00-25-

203 (40) and by Federal Standard No . 209A (1 3) . This defines laminar airflow 

as "airflow in which the ent ire body of air within a confined area moves with 

uniform velocity along parallel flow lines . "  Many installations have employed 

lower flow rat es success fully , and it is the purpose of th is report to review the 

use of lower flow rates in ult rafiltered unidirect ional air systems for cont rol of 
airborne contaminat ion . 

FILTER EFFICIENCY VS AIR VELOCITY 

Harsted et a l . (19)  have shown that the e fficiency o f  modern ultra

high-efficiency filter papers for retent ion o f  Tl bacteriophage aerosols is 

greatest when air passes through at low velocity , and penet rat ion increases pro

gress ively as the velocity increases . Data in Table 1 ext racted from the Harsted 

report ( 1 9 )  show that this is t rue for filt er paper from each o f  three different 

manufact urers . The column in Table 1 ,  labeled Filter Face Velocity in Feet /Minute 

is the speed at which air passes through the filter paper , and the second column 

is a 20- fold mult iple of the f irst column l ist ing the approximate flow rate across 
the face of a commercial filter where the filter paper surface area is increased 

20- fold by means o f  accordian folds to conserve space . The performance o f  the 

filter paper for neut ralized phage particles observed by Harsted is close to the � 
*Director , Inst itut e  for Medical Research , Camden , New Jersey 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


63  

Lewis L .  Coriell 

theoret ical values derived by Whitby (43) . Both theoret ical calculat ions and 

direct measurement s with a small  viable part icle indicate that it is not neces-
• sary to operate HEPA filters at a flow rate o f  100 ft /min and ,  in fact , they are 

more e fficient at low flow rates . 

Tab le 1 .  Effect of Ve loc i ty on Pene trat ion of Neutra lized S ubmicron 
Phage Aerosols Through U l tra-High-Effic ienc y F i l ter Papers* 

Fi lter Face 
Ve loc ity 
Ft . /Min . 

1 . 1  
3 . 7  

1 7 . 
68 . 

TYPE OF VENTILATION 

Approximate 
Flow Rate 

Ft . /Min . 

2 2  
7 5  

34 0 
1400 

Geometr ic Mean % Penetrat ion 

Manu£ . 4/ 1 Manu£ . # 2  Manu£ . 413 

0 . 0002 7 0 . 00002 1 0 . 000002 
0 . 009 1 0 . 00 14 0 . 000083 
0 . 099 0 . 04 3 0 . 002 7 
0 . 34 0 . 19 0 . 017  

Early studies by  Bourdillon and associates ( 8 , 9 ) showed the preva

lence of  airborne bacteria and a high incidence o f  surgical wound infect ion in 

surgical theaters ventilated by exhaust fans where dirty air was drawn into the 

room from th� halls . Progressive improvement was obtained by the addit ion of  

positive pressure ventilat ion , filt rat ion through cloth filters , plenum vent i

lat ion , and exclusion o f  ward blanket s and clothing . Many others added refine

ments to these observat ions ( 1 , 4 , 24 , 33 , 39 ) and by 1968 the Brit ish Medical Re

search Council considered plenum vent ilat ion of  operat ing suites an established 

practice like dis infect ion of the skin o f  pat ient s ( 31) . 

Laminar flow vent ilat ion (45 ) , more appropriately called unidirect ional 

flow , is the successor to plenum vent ilat ion and invo lves cont inuous int roduct ion 

of filtered air at a uniform velocity across the whole ce iling or wall o f  a room, 

and its containment by four walls unt il it is exhausted through the floor or op

posite wall . The two maj or advantages o f  such vent ilat ion are 1) all areas of  

the enclosure are vent ilated by  air  free from microorganisms ,  and 2 )  any micro
organisms aerosolized within the enclosure from personnel or equipment are removed 

in seconds . Other described advant ages ( 36 )  include : 3) s cant opportunity for 

airborne part icles to set t le onto a wound or clean surface since they tend to move 

with the moving airst ream ; 4 )  reduced housekeeping and maintenance b ecause less 

dust sett les on exposed surfaces ; 5) improved control of  humidity and temperature 

*Extracted from Harsted et al Table 5 ,  1967  (Reference 5 ) . 
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through recirculation of already conditioned air ; 6 )  freedom of  movement o f  

personnel within the condit ioned space in downflow rooms ; and 7 )  elimination 

of air locks , air showers , and extra garment ing in electronic assembly rooms . 

Some disadvantages of high velocity unidirect ional vent ilat ion 

systems are : cost  of installat ion ; increased volume of air moved , which re

quires larger motors , fans , and ducts ; increased heat generat ion ; higher 

noise level ; increased space for ceiling or wall and floor plenums . In spi te 

of  the ir effic ienty in removing part icles and microorganisms , these disadvan

tages , plus the lack of proo f of cost e f fect iveness in reduct ion o f  infect ions , 

have prevented widespread adopt ion of  unidirectional filtered air systems in 

operat ing theaters .  There have been many attempt s  to minimize the disadvan

tages by modifying some port ion of  the basic design without loss of  effective

ness . One of the most promising modifications is to reduce the velocity of 

the unidirect ional airflow because this modulates every one o f  the disadvan

tages listed above . 

VELOCITY 

One of the early publicat ions by Whit field (46)  l isted results  of  

dust sampling at  different flow rates in vented hoods . There were an average 

of 213 part icles / ft
3 

with a flow rate of 100 ft /min ( 600 air changes per hour) 

whereas a flow rate of 50 ft /min ( 300 air changes per hour) showed 450 part i-
3 

cles/ ft , an insignificant difference o f  0 . 02 percent considering the sampling 
3 

rate of dust samples (0 . 1  ft /min) , the relat ive lack of  sensit ivity of samples 

in 196 3 ,  and the control of values of 10 , 000 part icles /ft
3

• 

In another report Whit f ield (47)  states that "Downflow rooms ful fill 

class 100 standards (less than 100 part icles >0 . 5� in d iameter) for the entire 

room, and crossflow rooms will maintain clas s 10 , 000 standards . Downflow rooms 

show good control at 60-100 ft /min air velocity , and for best control , cross

flow rooms should operate from 100 to 130 ft /min . "  These data  indicate that 

lower velocit ies are more effect ive in vertical flow installat ions than in 

horizontal flow installat ions . 

Ir each o f  three recent controlled studies in operat ing rooms by 

Scott  et al . in 1971 ( 38) , Whyte et al . in 1 9 7 3  (48) , and Wardle in 197 3 (42) , 

the numbers of  bacteria per ft
3

/air pointed to  vert ical flow as the opt imal 
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ai.r f1ow configurat ion for applicat ion in the operat ing room . The well 

cont ro11ed stud ies by Whyte et al . (48) showed that little improvement in 

ai.rbo�e bacterial counts was obtained with air velocit ies over 60 ft /min 

( . 3 m/ sec) . 
In a simulated nursing unit in a horizontal flow industrial clean 

room , Lidwell and Towers (24)  found lit t le movement of part icles against the 

direct ion of airflow or lateral movement of part icles if the l inear velocity 

of air did not fall below 35 ft /min . We observed s imilar resul t s  in a ver

t ica1 flow room with lower velocit ies of 25 ft /min using t est suspensions of  

latex part icles , T3 bacteriophage and Serrat ia marcescens . 

A low-velocity system was developed by Hornef f  (14)  to reduce the 

disadvantages of high-velocity laminar flow.  It ut ilized remotely located 

BEPA filters with the f iltered air ducted to a per forated ceiling and vert i

cal velocity of 1 5  ft /min , and gave good protect ion from bacterial contamina-t t ion as measured by set t l ing plates and sieve sampler . Modifications of this 

system with flow rates of  19 to 25  ft /min have been used to prevent airborne 

contaminat ion o f  cell cultures during transfer ( 2 9 ) , spread o f  airborne in

fect ion in laboratory animals ( 3) , and removal of  viabie airborne bacter ia 

from an operat ing room during surgical procedures (15) . Pelosi ( 34)  com

pared part iculate counts in a down flow clean room with flexible s ide walls 

and a plenum ceil ing operated at veloc it ies of 20 , 50 , and 80 ft /min . He 

observed no significant difference at the three velocit ies and therefore rec

ommended velocit ies of 20 ft /min . 

Pat ient s with reduced res istance to infect ion have been stud ied 

in laminar flow nursing unit s with horizontal flow rates at 35 ft /min (24) , 

90 ft /min (6 , 7 ) , and at 90 and 60 ft /min ( 35 , 37 ) . In the latter study , 

mean bacterial count s / ft
3 

of air be fore , during , and after bedmaking at air 

velocit ies of 90 and 60 ft /min were not significant ly different ,  varying be

tween 0 . 04 and 0 . 06 / f t
3

• The mean was 1 70 t imes less than in a convent ional 

isolat ion room and 370 t imes less than in a convent ional hospital room. Lam-

� inar flow u�it s have been devised with various air velocit ies for isolat ion 

of a single bed ( 10 , 2 3 , 26) , and high-velocity flow air j et s  ( 2 , 49 )  directed 
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at the operat ive s ite have been tested in surgical theaters . The air j e t s  

entrain d irty air , do not protect instrument t ables and other equipment out

side the air j et ,  nor do they isolate observers and other supportive personnel 

in the room. An unrestrained f iltered air j et draws contaminated air around 

it s ent ire periphery which result s in a mixture o f  clean and contaminated air . 

To counteract this , part ial walls have been placed around the j et source by 

some invest igators to  contain the j et stream unt il it is almost delivered to 

the site to be protected . However ,  this also leads to contaminat ion by creep 

o f  dirty air up the inner side o f  the partial retaining walls as observed by 

Whyte (4) . We have also observed this phenomenon in early stud ies with an 
over-bed unit equipped with a ceiling plenum and flexible walls  that reached 

to the surface of the bed . With vert ical flow rates of ± 25 ft /min and the 

bed in place , bacterial count s remained essent ially zero within the enclosure 

while the room air was heavily contaminated . When the bed was removed smoke 

test s showed that room air crept up the inside of the flexible walls  and con

taminated the whole enclosure . 

The basic principles o f  unidirect ional airflow are as illustrated 

in Figure 1 :  a) entrainment quickly contaminates an unprotected j et stream ; 

b)  partial walls around a j et stream lead to contamination by aspirat ion of 

dirty air up the inner s ide of the part ial walls ;  and unidirect ional flow can 

be maintained only by c) complete containment o f  air by four walls  unt il ex

hausted at the opposite wall or floor or unt il exhausted around the periphery 

at the floor through a restricted opening that increases the speed of the es

caping air to prevent penet rat ion of contaminated air . Figure 2 shows appli

cat ion o f  these principles in a temporary installat ion with flexible s ide walls 

which is s imilar to the first OR built at  the Lovelace Clinic . Figure 3 shows 

the same principles appl ied t o  a permanent hard-wall room that provides more 

usable space . 
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Fig . 1 .  Bas ic pr inc ip le of  unid irec t iona l a ir f low ;  a )  entra in
ment of d ir ty a ir by an unprotec ted j e t  of c lean a ir ; b) conta�ination 
by entrainment and asp iration in a j e t  with par t ia l wa l ls but no f loor ; 
and c )  comp lete conta inment of the c lear air j e t  by four wa l ls and a 
res tr ic ted escape ope.ning at two s ides . 
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Fig . 2 .  A f lex ib le s ide- wa l l  temporary downflow c lean room that 
inc ludes a l l  the bas ic pr inc ip les  for de l iver ing c lean a ir to a l l  cr i t ical 
areas of the room . 
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Fig . 3 .  A permanent hard-wa l l  ins ta l lat ion that protec ts a l l  
critic a l  areas of the room ,  inc lud ing more space for personne l ,  observers 
and equip�taent . 

• 
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INFECTION CONTROL 

Proof of  e ff ic iency of unid irec tiona l u l tra f i l tered air in 

prevent ion of a ir borne infec tion in the operat ing room is s t i l l  open to deba te 

and is not the subjec t of th is repor t . However , in tes t ing the e f f icac y o f  

low f low rates we have gone t o  contro l led s tud ies of  a irborne spread of infec

t ion in  laboratory anima ls . McGarri ty et a l . ( 2 7 , 28 , 29 ) have shown e f fect ive 

c ontrol  of a ir borne spread of infec t ion of laboratory  mice in c ages p laced s ix 

inc hes apar t by ver t ica l ve loc i t ies  of 35  ft /min . Rodent studies were per

formed us ing cross infec tion with S erra t ia sp . , Proteus sp . and po lyoma and 

Reo - 3  virus es . Based in par t on these s tud ies more than 50 c ommerc ia l organi 

zat ions have ins tal led low ve loc ity ( 15-25 ft /min) vert ical unidirect ional 

ultrafi l tered a ir s ys tems to protec t exper imenta l and s toc k anbna ls from a ir 

borne infec t ion a2 ) . We cannot escape the c onc lus ion that the air in anima l 

rooms s o  equipped is c leaner than the a ir in the c onvent iona l operat ing room .  

DATA FROM THE OPERATING ROOM 

In 197 1 Scott  et  al . ( 38)  observed after comparat ive s tud ies in 

three operat ing rooms and three industr·ial clean rooms- - "operat ing rooms 

with the ir e laborate r i tua ls are not as c lean as s ome e lec tronic wor kshops 

which admit and d isgorge s evera l  shifts  of workers each 24 hours " (Table 2 ) . 

Whitcomb ( 4 4) was unab le to draw f irm conc lus ions about the bene fic ia l e f fec ts 

of laminar a irf low in the operat ing room because infec tion rates in his hos 

p i ta l  were very low without the use of laminar f low venti lat ion .  Th is s i tua t ion 

occ urs in other hospitals when asep t ic procedures and Ha ls ted ' s  pr inc iples are 

faithfully followed (16) . Morris and Burke ( 32)  noted the common error o f  

det ermining infect ion rates over t o o  short a time period . They urged long-term 

st udies , especially where infect ion rates are low to  exclude the poss ib il ity 

that. random variat ions based on chance alone could be respons ib le for an appar

ent alterat ion of infect ion rate . Lidwell ( 2 5 ) , using mult iple regression analy

sis in a study of postoperat ive wound infect ions in 12 hospitals , showed that 

differences in infect ion rates could be explained almost ent irely by differences 

in types of pat ient s and operat ive procedures . The in fect ion rat e  of clean wounddt 
in the average convent ional operat ing room is in the range o f  three to  five per

cent ( 3 , 5 , 18 , 20 , 2 1 , 41 ) . 
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Table 2 .  Comparison o f  Operat ing Rooms and Industrial Clean Rooms* 

Test Area (and Fed . Ventilat ion Air Changes Particles Bacteria 
St . 209 Class . ) System Per Hour >0 . 5lJ diameter 

Mean Ranse Mean Ranse 

0 .  R.  Ill turbulent 10 7 76 , 000 3 70 , 000 
(unclassifiable) 1 , 269 , 000 

O . R. 112 turbulent ? 3 , 980 , 000 3 , 300 , 000 24 . 3  10-42 i ( unclass ifiable) 4 , 350 , 000 
..... 

0. R .  /13 turbulent ? 350 ,000 9 5 , 000 3 . 4  0-9 . 4  
{I) 

( unclassifiable) 1 , 120 , 000 
t""' . ...... 

...... 
n 

Ind . Clean Room A turbulent 20 3 , 600 2 , 900 
0 '"' 

( class 10 , 000) 3 , 900 1 . 4  0 . 6-2 . 2  
..... � ...... 
...... 

Ind . Clean Room B horizontal 120 900 250 0 0 
(class 10 , 000) laminar flow 3 , 100 

Ind . Clean Room C vertical 600 30 0-1 70 0 0 
( class 100) laminar flow 

*Extracted from Scott , Sanderson , and Guthtie (Reference 38) 
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On the other hand Charnley ( 1 1 , 12) makes an excell ent case for 

, reduct ion of postoperat ive infect ion after tot al-hip replacement by control o f  

the airborne route o f  infect ion . He stresses that evaluat ion for the stat ist i

cal significance of any new procedure in total-hip replacement requires at 

least 800 cases and a postoperat ive observat ion period of two years . Under the 

protect ion o f  clean air in the operat ing room he records the decline o f  both 

early and late infect ions including blood,borne infect ions , and attributes most 
of the decl ine to el iminat ion of the airborne rout e of infect ion at �e time o f  

surgery . A summary of  Charnley ' s  data is shown in Table 3 to illustrate the 

steps by which he arrived at recommendat ions for a flow rate of 300 air changes 

per hour , ent ire ceil ing distribut ion of f iltered air to  eliminate turbulence 

in the ent ire operat ing room , and air filters for removal of particles o f  1-2 

microns in size . 

Table 3 .  Vent ilat ion for Control o f  Infect ion in Total Hip Replacement! 

Period C . 2. h • * a . c . h . ** Vent ilat ion Filter Infect ion % 

Jan . 1959-Nov . 1961 80-90 0 exhaust 7 . 0  

Nov . 196 1-Jun . 1962 25 10 pos . press . precipiton 3 . 7  

Jan . 1962-Mar . 1966 plenum +*** 2 . 2  
peripheral 
turbulance 

Jun . 1966-Sep . 196 7 o . o  300 unidirect ional +*** 1 . 3  

1968-19 70 o . o  300 unidirect ional +*** 
. 7  

apron , 
wound closure 

* c . p . h .  - colonies per set t l ing plat e per hour 
** a . c . h .  - air changes per hour 
*** filter efficiency 1-2 micron 

COSTS 

In a met ered 6 x 10 ft down flow room with variable flow rates and 

90 percent recirculat ion of  air , we observed that power consumpt ion and cost 

of  operat ion increased in proport ion to the vent ilat ion rat e .  Cost s  doubled 

for each 40 feet of  increased velocity as shown in Figure 4 .  

1
Extracted from Charnley � al (Reference 11 , 12 )  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I n f o r m a l  P a p e r s  o f  a  W o r k s h o p  o n  C o n t r o l  o f  O p e r a t i n g  R o o m  A i r b o r n e  B a c t e r i a ,  N o v e m b e r  8 - 1 0 ,  1 9 7 4 ,  W a s h i n g t o n
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 0 1
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Fig . 4 .  Cost s per day in Kw-hrs , and in cent s to  operate a unidi
rect ional downflow room when operated at different airflow rates .  

The effect o f  velocity  o f  air movement on temperature buildup and 

noise levels is shown in Figure 5 .  The noise level increased 0 . 4  decibels . 

on the A scale for each foot per minute of  increased air velocity , or 20 dB-A 

for an increase of 50 ft /min . The temperature elevat ion was more rapid at low 

air veloc it ies but over the range from 20 to 70 ft /min it averaged 0 . 2  deg C 

for each ft /min o f  increased air velocity , or 10  deg C for an increase of  

50 ft /min . 

Cost of original installat ion for a low velocity ( 1 5-25 ft /min ) 

vert ical unidirect ional soft-wall room is currently $75 / ft 2 o f  room area , and 

free-standing , hard-wall installat ions are about $100 / ft 2 ( 2 2 ) . Recent quo

tat ions on high velocity installat ions are at least double the above figure . 

. .. . 
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Fig .  5 .  Dec ibels of  noise on the A scale , and amb ient room 
temperature without refrigerat ion in a unidirect ional downflow room when 
operated at different airflow rates . 

Discussion 

The purpose o f  this review is to  examine the merits o f  high velocity 

vs low velocity unidirect ional airflow room vent ilat ion in control of airborne 

part iculat es and microorganisms , not to j ustify the use of laminar flow vent ila

t ion in operat ing rooms . The impet us for this reexaminat ion o f  the merit s of 

low velocity airflow springs from a desire to obtain opt imal cost effect iveness . 

Decisions made in the early days o f  laminar flow research in medical environ

ments ut ilized flow rates of 100 feet per minute ,  and have through repet ition 

and regulat ions , assumed more stature than they deserve . 

For example , a review of  the literature shows the HEPA filter media � 
are more efficient at lower flow rates and progress ively less e fficient at 
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higher flow rates . It also shows that achievement of unidirect ional vent ilat ion 

with the filtered air is essent ial to achieve maximal freedom from airborne 

part icles . The mechanisms for achieving this are now well understood . The 

basic principles are : 1 )  entry o f  the dltered air across the whole ceiling at 

uniform pressure to prevent recycling through areas of  lower pressure ; 2)  con

tainment of  the air st ream by walls unt il ; 3)  it s escape at floor level through 

lateral openings s ized to increase the escape velocity . When all these condi

tions are observed the performanc�s at flow rates of 35 ft /min are not sign i-

ficantly different from those observed at 100 ft /min . Our own experimental 

studies on containment of particles , bacteria , and viruses in experimental 

rooms and operat ing rooms , and in prevention o f  airborne spread of  infect ion in 

animal rooms , lead us t o  conclude that vert ical flow rates of 25 to 35 ft /min 

and 150 to 200 air changes per hour will provide most o f  the benefit s , and mini

mize the disadvantages that can be expected to accrue from applicat ion of  HEPA• 

filtered unidirect ional airflow room vent ilat ion . 
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THE ORTHOPEDIST ' S  SPECIAL INTEREST IN SURGICAL INFECTION 

Mark B .  Coventry* 

A scant five and one - ha l f  years ago the firs t j o int imp lant fixed 

wi th methyl methacrylate was author ized in Amer ica by the Food and Drug Admin

is tra t ion . After a year ' s  tria l period as an invest iga t iona l new drug , i t  was 

re leased , the " bomb burs t , "  and hundreds of thousands o f  h ip , knee , f inger 

joint , e lbow , shou lder , and ank le imp lants have s ince been inser ted . 

What has this to do with our s ympos ium? Wh i le surgic a l  infec tion is 

a fear wh ich surgeons (and pa t ients , too , if they are inte l ligent and informed ) 

have cons tantly l ived wi th in the pas t ,  the catas trophy to a patient ' s  we l l- be ing 

produced by an infec ted maj or j o int imp lant now rests s o l id ly on the shoulders of  

vir t ua l ly every prac tic ing or thopedis t . 

Why are we in or thoped ics so  spec ia l l y  interes ted and invo lved? 

Cer tainly a surgica l  infec t ion in other f ie lds can be , at t imes , even more de

vas tat ing . Is  it the ser iousness  of the infec t ion- - or the sheer quantity  of po

tent ia l prob lems - - or the obviousness of  a cr ipp led pa t ient which has abs orbed 

the interes t of the orthoped i s t ?  It is a l l  of these , p lus the nagging consc ience  

of an  hone s t  surgeon that somehow he is respons ib le for th is comp l ication .  The 

abdomina l surgeon , the thorac ic surgeon , the uro log is t - - a l l  work cons tant ly in 

contamina ted areas , and the potentia l for infec t ion is a lways there . True , the 

neurosurgeon is usua l ly operat ing in a s ter i le fie ld ,  as is the card iovascu lar 

surgeon . But the or thoped i s t  a lmos t unique ly vio la tes a microbially  s teri le 

fie ld when he makes his  inc is ion to replac e a j oint . Thus it is hard to "b lame" 

the pat ient for a poor resu lt- -a rat iona l izat ion tha t we are a l l  gui lty of at  

times . So we look to other sources of infec t in g  organisms besides t he pat ient-

the surgica l  team , the surgica l ins truments , the air of the surgery .  And th is 

is what we wi l l  be discus s ing at this workshop . 

Aga in ,  so why does the or thoped ist  have such a spec ia l interes t in th is 

f ield bes ides h is pec uliar fee l ing of having no one to b lame but h imse lf?  His sur
gica l infection rates are not higher than in other surgica l spec ia l i t ies ; indeed , 

they may be lower . At Mayo C l inic in 1973 , or thoped ic surgica l infec t ions tota led 

*Professor of Orthopedic Surgery , Mayo Med ica l  School , Roches ter , 
Minnesota . 
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1 . 33 percent , both deep and super f ic ia l ,  inc lud ing trauma as we l l  as elec t ive 

sur gery . But the devas tat ing e f fec ts of seps is in any one pat ient , and the 

ac tua l  numbers of infec tions occurr ing are now c oup led wi th the re lative newne s s  

of  the challenge to det ermine the cause o f  the in fect ion , and the means 

to a l ter these causes . Care fu l focus on the prob lem shows that "accepted rates " 

such as I have quoted s imp ly aren ' t good enough today .  Means mus t  be found to 

lower these rates . 

John Charnley of Wr igh tington deserves cred it for genera ting impe tus 

in this d irec t ion . But a l l  of us have taken up the cha l lenge and have by many 

and d iverse means sought to decrease the rate of  infec tion . Research in immu

nology and s tres s response is ongoing . Prac t ical  measures have inc luded s kin 

preparat ion s tud ies regard ing the e f fec t ivenes s  of d i f ferent lot ions ; me thods 

and ma ter ia ls in draping the pat ient us ing spec ia l ly woven c loth or paper im

pervious to micropar t ic les ; improvements in gowning the surgeon and masking his 

exposed skin ,  inc luding such me thod s as exhaus t sys tems ; ant ibiot ic s , adminis teredU 
both genera l ly and loca l ly ,  for prophy laxis ; and , ver y impor tant ly ,  wound-handling 

t echniques which avoid t issue t rauma and pocket ing . But above all is the study of 

the air which contact s the operat ive wound . This is the subj ect of intense exam

inat ion . 

In our own ins titution it  was the or thoped is t who said , "I am now 

invo lved , and I am going to do someth ing about the problem . " He has been ag

gress ive ly pursuing the problem ( s ome of h is col leagues th ink too aggress ive ly) . 

S tudies of par t ic le c o l lec t ion in the operat ing rooms began . An entire review 

of the engineer ing of  the operat ing theater was under taken to de termine a ir f low, 

vo lume patterns , f i l tration , e tc . Bet t er repor t ing and c las s if ication of sur 

gical infec t ions was ins is ted upon . Changes were made in operat ing room pro

cedure , inc lud ing traffic contro l ,  draping and gowning . Other surg ica l teams in 

the hospita l  wer e  often openly res is tent . But s l owly they have tended to fo l low .  

Other surgeons are becoming aware . Al l  surgeons are n ow  virtua l ly forc ed t o  

cu lture the dra inage from the ir pos toperat ive wounds i n  spite of the frequent 

c omment :  ''W�,y culture ?  Th is is jus t  dra inage - s t i tch reac t ion .  Dra inage 
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doesn ' t  mean infect ion. " We orthoped is ts have now been joined by other involved 

s urgeons , and we mus t  cont inue to obtain every bit of important information and 

eva luate it . 

This quest for information that can be applied to the safety of our 

pat ients continues . Perhaps we wi l l  know relat ive ly soon whether our fi lter 

s ys tema are proper , whether high vo lume air exchange is impor tant , and the de

ta i l s  as to its d irec tion and its mode of administration . If we find these 

answers ,  the orthopedists of this country can take much of the credit . But , 

cand id ly , we mus t admit we were forced to take ac tion by the magnitude of total

j o int rep lacement , and the d ire consequences of  an infec ted implant to the pa

t i ent , the surgeon , and soc iety .  

I cannot c lose without paying tribute to a t  leas t three o f  the great 

men who gave us the knowledge and methods which we continue to refine : firs t 

of  a l l  to Anton van Leeuwenhoek ,  without whose microscope organisms c ould not 

be seen ; then to Louis Pas teur , without whose methods organisms c ould not be 

grown ; and perhaps mos t of al l ,  to Lord Joseph Lis ter , who applied the know

ledge gained up to h is time in the surgery of the operat ing theater . 
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IMPROVED OPERATING ROOM BARRIER MATERIALS 

Pe ter Dineen* 

INTRODUCTION 

Over the pas t several  years there has been a widespread uti liza t ion of  

disposable operating room mater ia ls which inc lude gowns . These mater ia ls have 

two purpor ted advantages .  The f irs t is that they reduce bac ter ia l contamina t ion 

of the environment ,  and the second is that they are more economica l .  Wh ile the 

latter cons ideration is open to de bate , there does seem little doubt that  the 

various barrier mater ials do reduce  the number of organisms in the atmosphere . 

Natura l ly there has been a great dea l of cons iderat ion as to whe ther 
the degree of microbial contaminat ion is impor tant . It is often s tated tha t pa

tients have been operated upon for a good many decades wi th reasonably good re

sults by s imply us ing s ter i le reusab le c loth and mus l in drapes and gowns . There 

has not been any pandemic of infec t ions, and the que s t ion is reasonab ly raised as 

to why some thing new shou ld be added at the present t ime . The answer l ies in the 

type of pat ient upon whom surgery is be ing per formed in the modern era . In recent V 
years the number of ind ividua ls who are immunosuppressed , or who are having open 

· 

cardiac or vascular surgery , or joint and/or organ replacement has s igni fic ant ly 

increased . Als o ,  the patients upon whom we are operat ing are older and more de

bi li tated in many ins tances .  These are individuals who in years gone by were 

cons idered too r is ky . Therefore , the hos t is at  a s ignificant ly h igher r is k  than 

in the pas t .  The poss ibil ity of contamination and ser ious d isease caused by bac 

ter ia which previous ly were cons idered nonpathogenic is high . 

The mater ials that have been s tudied by the S urgical  Bac ter iology 

Research Laboratory at this Center inc lude c loth whic h was used for drapes and 

gowns , and nonwoven f ibers (paper ) mater ia ls . In the s tudy of masks , both c loth 

and var ious fiber mater ials were s tud ied . Examination of these drape and gown 

mater ials microscopica l ly shows that the c loth is not c lose ly woven and the in

ters t ices a l low the passage of bac teria whereas the nonwoven mater ia l has no such 

interstices to a l low bac ter ia through . This is par t icular ly evident when water 

is placed on e ither of these  two groups of mater ia ls . The c loth a llows water or 

*Pro fessor of  Surgery , Cornell  Medical Center , New York Hospital , 
New York . 
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any liquid to pass through quite rapid l y ,  whereas the nonwoven ma ter ia ls are 

water res is tant for varying periods of t ime up to a couple of hours . 

MATERIALS AND METHODS 

Two identica l operating rooms were se lec ted . These rooms were used 

for general  surgical  procedures . The same type of operat ion was done in both 

rooms and the personne l were essentia l ly unchanged dur ing the period of the s tudy . 

In each room during sampling time there was an anes thes iologis t ,  a s urgical team 

of three individuals , a scrub nurse , a c irculating nurse , and a technic ian . 

S imultaneous air sampling of these two opera ting rooms was conduc ted 

for one-hour periods dur ing morning and afternoon surgical procedures .  For two 

weeks , c loth drapes and gowns (mus l in or cotton) were used exc lus ive ly in Room 1 ,  

and s ingle use , d isposable nonwoven drapes and gowns were used exc lus ive ly in 

Room 2 .  For the next two-week period the mater ia ls were reversed . S ingle use , 

d isposable drapes and gowns were used exc lus ive ly in Room 1 ;  c loth ma ter ial in 

Room 2 .  This two-week reversal was cont inued for the two-month duration of the 

s tudy .  

Air samp ling was done with a Reynier a ir samp ler with a rotat ing Pe tr i 

d ish ,  sampling at  the rate of  one cfm.  This air  sampler is  const ructed in such a 

way that the t ime of impingement of the organisms on the plate can be fixed with 

great accuracy . When the colonies grow out a fter incubation the p late represents 

the fac� of a one-hour clock . For exam�le , the 15-minute point in t ime of  sampling 

can be separated from the second 15-minute per iod and so  for th . Bac ter ia which 

were isolated were randomly samp led and subcu ltured for d iagnos t ic identi f icat ion . 

RESULTS 

The number of  organisms isolated from the environment were s ignif icant ly 

lower when d isposable , s ingle-use nonwoven mater ia ls were used . As can be seen , 

there is some degree of  var iat ion in the amount of bac ter ia in the a ir , part icu

lar ly re lated to  ac tivity . The midd le per iods seem to have the lower counts when 

there is leas movement and traffic in the rooms . The maj or i ty of the cases in 

this s tudy were abdomina l procedures , many of which were finished by the end of 

� the hour aam�ling time . A 90-percent reduc tion in airborne organisms was pro

vided by these disposable drapes and gowns compared to c loth . Average a ir 
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samp ling counts for the s tudy were 23 . 5  for c loth and 2 . 2 for s ing le- use d ispos 

ab les . In a s imi �ar series of s tudies the data were collected again over a period 

of 59 days . On different days the ass ignment of d isposable and nondisposab le 

drapes was randomly assigned to the two rooms . 

Lower Counts with Disposable Drapes • • • • • . . • • . • • • • • • • •  

Lower Counts with Nond isposable Drapes • • • • . • . . • . • • • • •  

Equa 1 Counts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · 

Tot a 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . .  · · 

No . Days 

53 
4 
2 

59 

The average number of organisms iso lated from the environment in the las t s tudy :  

Disposable Drapes . . . • • •  Da i ly Average . . •  l5 . 05 Organisms 
Nond isposable Drapes . .  Da i ly Average • • . .  36 . 59 Organisms 

A third study measured the passage o f  bacteria through drapes during 

the operation . A steady increase with t ime was noted with muslin drapes , while 

in those operat ions with paper and disposable drapes the bacterial count re

mained constant ly low for the length of study t ime . 

DISCUSS ION 

From these s tud ies it  is evident tha t the use of nonwoven mater ial  

s ignificant ly reduces the bac ter ia l contaminat ion of  the environment . In these 

s tud ies repor ted here only disposable paper drapes were s tud ied . However , there 

are s imilar nonwoven mater ials on the market which are reported to be equa lly 

e f fic ient . 

Recent meetings of the S ub-Committee on Aseptic Barr iers of  the Commi ttee 

on Operating Room Environment of the Amer ican Col lege of �urgeons has endorsed t� 
use of nonwoven ma ter ia ls . 

I t  has been the exper ience a t  th is Center that the reduc t ion of the 

number of organisms in the environment has been cons is tent ly maintained by the use 
of nonwoven drapes and gowns . S ys temat ic monitor ing has cont inued dur ing th is ti� ·  
I t is  still  too ear ly to have s tatis t ica l s ignificance on the reduc tion of  wound 

infec tions by this means . Becaus e of the number of var iab les and individua ls in· t1 
• 

vo lved , it  may never be poss ible to have a definit ive answer to this ques t ion . 
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MASKS 

An ongoing study o f  surgical masks in this laboratory has shown, as have 

many other invest igators , that there are wide diversions in mask filtrat ion effi

ciency . It is obviously desirable to have the most efficient mask which is also 

comfortable and funct ional . 

MATERIALS AND METHODS 

In brief , using a known inoculum aerosolized into a cloud chamber , and 

passed through an air sampler , it is possible to calculat e the efficiency o f  any 

part icular mask . 

RESULTS 

As can be seen from Table 1 ,  there is a significant dif ference in the 

ef ficiency o f  the various masks . Mask A is a 16-ply cloth mask . The remainder 

o f  the masks are all various currently available disposable masks . 

Tab le 1 .  Filtration Effic iency of New Mas ks 

� No . of  Ex2er iments Percent Effic iency Range 
A 20 50 . 2  1 -81  
B 10 93 . 0  87 - 97 
c 20 91 . 1  7 6- 98 
D 10 91 . 6  86- 97 
E 20 94 . 0 82- 99 
p 12 86 . 3  7 6 - 94  
G 6 82 . 7  7 7 - 92 
H 10 36 . 8  20-59 
I 20 86 .4 72-98 
J 6 8 . 8  2 - 13 
K 20 97 . 1  89-99 

DISCUSS ION 

As can be seen from this study , the number o f  organisms in the en

vironment will vary great ly depending on the type o f  mask ut ilized . Under the 

circumstances of present day technology , it seems uncons cionable to use masks 

with a filtrat ion e fficiency of less than 9 3  to 94 percent . 
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THE CASE FOR CLEAN AIR 

John A .  Feagin , Jr . *  

In June of 1972 upon completion of a s ix-month Regis trarship wi th 

Professor John Charnley , I had the privi lege of d iscuss ing c lean air with him 

under "relaxing" c ircums tances . Scientifically mos t of  the data has now been 

publ ished , but one phrase stuck wi th me far longer than the sc ient ific proof . 

Charnley said, "Once one has enj oyed surgery under c lean air cond i tions , aesthe 

tics a lone wou ld bar h im from ever prac t ic ing h is craft in a conventiona l room . ' '  

This has proved true and a lthough it  may be emotional ,  perhaps aes thet ics is as 

rationa l an approach as s tatistics at this time . Neverthe less , being an ins ti

tutional prac tioner my c lean air room required " j us t ification . "  "Jus t ification" 

in 197 1- 1972 was not easy ; my ins t itution required sc ientific proof and reason 

and histor ical  perspec tive were suspec t .  We here , though , have been invi ted for 

dec isions involving s oc ial respons ibil ity . This is a thought proces s  above mere 

"jus tification . "  For that reason , I wou ld like to discuss operating room en

vironment from four perspectives : the His tor ical perspec tive , the Charn ley 

perspec t ive , the Le tterman Army perspec tive , and the Respons ible perspective . 

THE HISTORICAL PERSPECTIVE 

The his tor ical  perspect ive entwines the lives of two great men , Lord 

Lis ter and Pas teur , whose careers fortunate ly over lapped . One said , "Chance 

favors the prepared minds . "  The other was a prepared sur geon . 

The dramatic deve lopment of aseptic surgery occurred s imu ltaneous ly 

wi th the rise of bac ter iology . The role of Pas teur in this drama is unques tioned . 

Lis ter said that seps is was the pr inc ipa l obs tac le to any great advance in sur

gery .  

Lis ter discussed h is prob lems in  1865 with Dr . Thomas Anderson , 

Professor of Chemis try , who ca l led his  attention to the work of  Louis Pas teur . 

Pas teur in his  we l l- known exper iment demons trated that an infus ion wi l l  putri fy 

when boi led in a f lask which is le ft  open . However , i f  the neck of the f lask is 

drawn out to a fine point , the so lut ion wi l l  remain pure because the a ir wi l l  

drop i ts dus t and germs a t  the opening o f  the neck .  Here Lis ter found the 

*Ass is tant Chief , Orthopaed ic Service , Le tterman Army Medical Center 
Pres idio of San Franc isc o ,  Ca lifornia 
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s olution to his problem . I t  was not the air , but the germs in the air that 

produced suppuration .  

Volkman became Lister ' s  mos t devoted disciple saying , "Eng land may 

be proud that  it was one of her sons whose name is bound up with the greates t  

advance o f  surgery . "  

Lister died a Peer of the Realm honored by the wor ld .  

I t  is my convic tion that Pas teur and Lis ter lit  the lamp and that 

Charnley ' s  data are more sophis ticated evidence that where surgical infec tion 

is concerned , airborne contamination mus t be cons idered . 

Lister and Pas teur marked the way . Now we wi l l  cons ider the Charnley 

perspec t ive • 

THE CHARNLEY PERSPECTIVE 

A l l  of us know John Charnley by name .  Most people know him by 

reputation ,  and I am here to assure you that he ranks with the Listers and Pas

teurs . Charnley ' s  data are additiona l sophis ticated evidence that where sur

gical infec tion is concerned airborne contamination mus t be cons idered . His 

surgical unit ,  pub lished s tatis tics , and trained s tudents bear witness to the 

e fficacy of his be liefs . I do not want to be labor pub lished s tatistics , but in 

a uni t  that is performing 2 , 000 hips per year and is whol ly respons ible for its 

own complications , each complication is critica l to the unit .  Otherwise , the 

Centre would be overburdened with the care of its complications . To those of 

you who have vis ited Wrigh tington the Charnley perspect ive speaks for itse lf . 

THE LETTERMAN PERSPECTIVE 

Le t terman is one of five Army Medica l  Centers . I t  is re latively  new 

having been cons truc ted in 1969 . I t  has seven operat ing rooms that accommodate 

almos t every spec ialty . To jus ti fy a c lean air room for our imp lant surgery . we 

began to monitor airborne contamination in search of the "proof" to jus tify a 

c lean air enc losure . 

as we cou ld support . 

We embarked on as extensive an airborne monitoring program 

How did it differ from previous s tudies? 
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1 .  We compared our orthopaedic cases in clean air and in a conventional 

room by sampling with the Mat son-Garvin S l it Sampler and the Climet Part icle 
Counter . 

2 .  We monitored a l l  seven operating rooms and were able to c ons truc t 

a profi le by spec ia lty of  the var ious operating rooms . What does this prove? 

No more than any other s tudy except that we now know the conditions to which we 
subj ec t our patients . This  is not on ly a matter of  academic interes t but of  

respons ibi lity . To  those of  you who have monitored your surgical suite , I have 
no new data . To those who have not , I share with you our resu l ts in the hope that 
you too wi ll  ins is t on a monitor ing program . The results of an airborne moni tor· 

ing sys tem may we l l  lead you from aes the t ics to abso lute convic t ion .  

Unoccupied , our re lative ly modern operat ing suites have a genera l ly 

low order of contamination . These values represent the average of  a number of 
monitor ings and as you may note our operat ing rooms are genera lly as s igned by 

spec ialty (Fig . 1 ) . 
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The darker bar represents the average colony count dur ing a number of  

monitoring& through a var ie ty of surgica l cases . I t  is the quantum jump that I 

th ink is s igni ficant . The convent iona l operating room is unab le to hand le the 

po llutants of the operating team . Many peop le deny the va lue of the partic le 

counter , but par t ic les are the transport mechanism for airborne bac teria and 

after s e t t l ing in the wound are a synergis t ic link toward c linical infection .  

They serve as ad j unc ts . Therefore , I fee l the partic le count is an important 

variab le a lthough i t  is  in no way a para l le l  func t ion of the colony count (Fig . 
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Another feature of our s t udy was comparab le cases per formed under 

s imi lar c ircums tanc es . To emphas ize this we se lec ted monisectomy (Fig . 3 ) . 

room 
32 �.il!!:i:ili!Ji=i!.I co ' 

CLEAN AfR ..... 
., 
c: · 24 / a :1 
0 ;I 

0 16 
-
0 
0 

cut 

Fig . 3 

Pred ic tab ly , contaminat ion is greates t ear ly in the case when drap ing 

and tra f f ic have s t irred up the par t ic le s and the c o inc ident l int serve s as an 

airborne veh ic le . 

Our par tic le counter has ver i f ied tha t the areas of res idua l  par tic les 

in the room are the floor , the peop le coming in , and the drapes . Vac uuming and 

t 

wash ing be tween cases seems only to s t ir up a hos t of  contamina tes . � 
The mos t shoc king aspec t of  room d isc ip l ine is the r o le of  our 

c irc u lator . Wh i le we intent ly  putter away , they a t tend the bus iness  of the ir own 

.. 
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c oncern and the average number of door openings is greater than fifty per hour 

and is re lative ly constant from room to room , hour to hour , surgery to surgery , 

case to case ; ver ifying they mus t have a routine of the ir own independent of the 

surgical  team and quite incons iderate . 

In summary , two years of monitoring at Letterman emphas ize the 

contamination caused by the surgical team and draping . Equipment poor ly hand les 

these c ontaminates . 

THE RESPONSIBLE PERSPECTIVE 

John Charnley has not been able to sc ientifically prove the value of 

c lean air to the American Co l lege of  Surgeons . I doubt that any of  us can pro

vide more convinc ing s tatis tics . I t  is unreasonable and futi le to demand a p leth

ora of  s tatis tics . Therefore , let us look to our own respons ibi lities to the 

bes t of our abi lit ies based on the documentation that is at hand . 

Jus t what are our respons ibi lities ? 

1 .  To acknowledge airborne contaminat ion . His tor ica l perspec tive 

requires that we acknowledge airborne contamination . "Those who ignore the 

lessons of h istory are doomed to repeat them . " 

2 .  To define the r is k  of implant surgery and to acknowledge that we 

have created a new surgica l  mi lieu with new requirements . There fore , let us not 

s tumb le on implant surgery ,  but use this as a rat iona le to a h igher technological 

plateau . 

3 .  To reappraise the s tatement of the Amer ican Co l lege of  Surgeons . 5 

In December 197 1 this was a laudable s tatement . We owe the Col lege a reappraisa l 

in 1974 . 

4 .  To take a s tand regard ing new operating room cons truc t ions . I 

persona l ly cannot imagine a new operating room des igned for implant surgery with

out inc luding body exhaus t ,  ultravio let , and c lean air as part of the s tandard 

equipment . This is not overki l l ;  it is reasonable insurance . 

5 . To s trive for a mental and phys ica l goal  of  zero operating room 

contamination . Le t us set  our goal at no contaminat ion and expla in deviations 
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from ther e ,  ra ther than acc ept ing a seven percent infec tion rate as the s tar ting 
point . 

To summar ize , we have cons idered the operat ing room environment from 

the his torical  perspec t ive , the Charnley contribution , from our own in - house 

monitoring , and as a soc ia l  respons ibi lity . I t  is my hope that thid works hop 

wi l l  accept these cha l lenges and take a s trong s tand for improved operating room 

environment . 

f ,  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I n f o r m a l  P a p e r s  o f  a  W o r k s h o p  o n  C o n t r o l  o f  O p e r a t i n g  R o o m  A i r b o r n e  B a c t e r i a ,  N o v e m b e r  8 - 1 0 ,  1 9 7 4 ,  W a s h i n g t o n
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AIRBORNE BACTERIAL CONTAMINATION IN THE CONVENTIONAL OPERATING ROOM 

Robert H .  Fi tzgera ld , Jr . *  

Airborne bac teria in a var ie ty o f  convent iona l operating rooms have 

been imp licated in pos toperative wound seps is ( 1 , 3 ,4 , 5 ) .  The var iat ion in the 

des ign of the operating rooms s tud ied and the wide range of da ta have c louded 

the s igni ficance of  airborne bac ter ia l contamination .  The d ivergence of des ign 

and capabi lity of "modern" operating rooms in which orthopaedic s urgery is per 

formed at the Mayo C l inic s tressed the need for add itiona l information on the 

bacteria l environment in the conventiona l operat ing room . 

The bac teria l environment of four operating rooms located in the two 

hospi ta ls uaed by orthopaed ic surgeons of this c linic was eva luated . The leve l 

of  airborne bac ter ia l contamination was de termined with s tandard techniques em

p loying the Andersen and Case lla samplers located within a few feet  of the oper 

ating tab le . Al l four operating rooms were samp led on 8 to 16  separate occas ions 

during tota l-hip ar throp las ty- - a  procedure in which there has been s tr ic t  adher

ence to a protoc o l . The rooms chosen for eva luation var ied in air-hand ling 

capabilities and des ign . In two of the rooms , with 12 to 14 exchanges of room 

air per hour , air passed through a roughing and an e lec tronic prec ipitating fil

ter (high intermed iate effic iency fi ltra tion) pr ior to enter ing the operat ing 

room .  All  air was freshly filtered without an admixture of rec irculated air . 

Both were located in an operating s uite with less  than idea l traffic control .  

The two remaining operating rooms wi th 28 to 32 exchanges of room air per hour 

were located in an isolated operat ing suite wi th s tr ic t  traf fic control . The 

air de livered to these rooms passed through roughing and bag filters (high in

termediate effic iency f i ltrat ion) and was rec irculated to a var iab le degree , de

pending on atmospheric oondit ions . All  four rooms �ud ied had a pos i t ive pressure 

re lationship with the adjacent corr idors , wor k rooms , and scrub rooms . 

The mean leve l of  airborne bac ter ia l  f lora was 0 . 3 1 viable partic les 

per cubic foot of air in a l l  four rooms when they were not in use . During sur 

gical procedures , the mean leve ls of contaminat ion were lower in the room with 

*Ins truc tor in Orthopaedics ,  Mayo Medical Schoo l ,  Mayo Clinic , 
Roches ter , Minnesota 
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high rates of room a ir exchange per hour (Tab le 1 ) . However , even rooms with 

high rates of room air exchange were noted to have e levated leve ls of air borne 

bacter i a . Rec irculat ion of air did not appear to inf luence the leve l of con

taminat ion .  

Table 1 .  Airborne Bac ter ial  Contaminat ion o f  Opera t ing Room 

Me an v i able part i cl es /cu ft of a i r  

Room air With room With room 
exchange /hour empty in use Range 

12- 14 0 . 3 6 6 . 5 2 . 9 -9 . 1 

0 . 4  7 . 0  4 . 0 -9 . 9  

28-3 2  0 . 3  5 . 7 3 . 2 -9 . 5 

0 . 2 5 . 3  2 . 9 -8 . 8 

The air - sampling data obtained us ing the Andersen samp ler on three 

occas ions demons trated that the maj or ity of the microorganisms were isolated on 
the firs t two s tages (Tab le 2 ) . 

Table 2 .  Leve l of  Airborne Bac ter ia l 
Contamination Us ing Andersen S amp ler 

S tage and 
par t ic le s ize ( lJIIl) 

col lec ted 

1 ( 9 . 2 - larger) 
2 ( 5 . 5 - 9 . 2 ) 
3 ( 3 . 3 - 5 . 5 ) 
4 ( 2 . 0- 3 . 3 ) 
5 ( 1 . 0- 2 . 0 ) 
6 ( 0  - 1 . 0 ) 
Average via b le 
par tie le/cu ft  of  
a ir per minute 
dur ing procedure 

Co lony- forming 
units /s tage , 

Andersen samp ler 

1 . 18 1 . 58 1 . 82 
0 . 67 0 . 82 1 . 24 
0 . 38 0 . 3 7 0 . 85 
0 . 79 0 . 59 0 . 87 
0 . 0 1 0 . 10 0 . 89 
0 . 02 0 . 09 0 . 04  
3 . 05 3 . 56 3 . 5 7 

f 
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Thus , the major i ty of the microbia l par t ic les were 5 pm and larger . S ince the 

air - fi ltration sys tem removes 97 . 5  percent of par t ic les of this magni tude , the 

microorganisms recovered mus t have been shed by personne l in the room . 

High leve ls of a irborne bac ter ial contamination were noted with 

increased numbers of personne l working in the opera t ing room (Fig . 1 ) . This re

lat ionship was more read i ly apparent in operat ing rooms with lower rates of room 

room air exchange per hour . Res tr ic t ion of the number of personne l in the 

operat ing room to only those required for care , of pat ients , even in teach ing in

s t itut ions , is necessary . 

1 0r---------------------------------� 
0 

·� 
� 0 • 

If) 8 
� 
' 

• 

41') 6 
� ·� ' 
'- 4 � 
� 
� 2 � 
.� 
� 

0 
0 2 4 6 8 1 0  1 2  1 4  1 6  

N u m b e r  o f  p e r s o n n e l  i n  o p e r a t i n g  r o o m  

Fig . 1 .  Re lations hip o f  airborne bac ter ia l  con
taminat ion to increased numbers of personne l working 
in opera t ing room .  (Room air exchanges per hour : 
open circ les , 12 to 14 /hour ; c losed circ les , 28 to 32/  
hour . )  

Chrono logie record ing of the leve l of airborne bac teria l contamination 

dur ing tota l-hip arthrop las ty demons trated a rather cons is tent pattern (Fig . 2 ) . 

E levated leve ls of bac terial  contaminat ion were noted dur ing those per iods when 

phys ica l  ac tivi ty was prominent ,  wi th lower leve ls in the intervals be tween these 

per iods . Thus , e levated leve ls of c ontaminat ion exis ted with the arr iva l of the 

patient in the operating room and with the increased ac tivity of the anes thes ia 

team .  
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Fig . 2 .  Chrono logie recording o f  a irborne bac ter ial 
contamination during 25 tota l-hip arthrop las t ies . 

The leve l fe l l  to 4 to 7 viab le par t ic les per cubic foot of a ir per minute a t  the 

time the inc ision was made . S imi lar increases were noted when the trochanter 

was os teotomized , the ace tabulum was widened and deepened , the femora l cana l was 

prepared , and the trochanter was reattached . The leve l of a irborne bac ter ia at 

each of these interva ls was higher in rooms wi th lower rates of room air exchange 

per hour (F igs . 3 and 4 ) . The mean leve l of a irborne bac ter ia l contamination 

dur ing the entire procedure was higher (6 . 2  versus 5 .4 viab le partic les per cubic 

foot of air per minute ) in rooms wi th  low rates of room air exchange per hour . 

The leve l of bac ter i a l  contamination noted on se t t l ing pla tes on back  

tab les supports the case me thod of preparation of ins truments (Tab le 3 ) . The 

difference be tween rooms of high and low rates of room air exchange per hour was 

obvious . 

' 
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Incision 

Trochanteric 
osteotomy 

Acetabular 
preparation 

Fe mural 
canol 
preparation 

Trochanteric 
reattachment 

Mean 
entire 
procedure 

0 

t---·---t 

t-·---i 
• 

t---•--1 
t--•---t 
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Viable particles / ft1 air 

Fig . 3 .  Chronologie record ing of mean 
and range of airborne bac ter ia l contamina
tion during 13 total-hip arthroplas t ies in 
operat ing room with 12 to 14 room air ex
changes per hour . 

Incision 

Trochanteric 
osteotomy 
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entire 
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Viable particles I ft1 air 

,-

Fig . 4 .  Chronolog ie recording of mean 
and range of airborne bac ter ial contamina
t ion dur ing 12 total-hip arthroplas t ies  in 
operating room with 28 to 32 room air ex
changes per hour . 
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Table 3 .  Bac ter ia l Contamina t ion on Bac k Tab le 

Room air 
exchange /hour 

12- 14 
28-32  

Mean no . of 
colony- forming 

units/sq  ft  per hour 

12 1 
48  

No . of  
observa t ion per iods 

3 1  
8 

The leve l of contamination of the ins trument tab le observed on 

settling p lates was e levated in both types of operat ing rooms (Tab le 4 ) . Higher 

leve ls of contamination on se t t l ing p lates p laced near the or i fice of the wound 

were noted in rooms with low rates of room air exchange (Table 4 ) . The leve l of 

contamination at the ori fice of the wound appeared to be re lated to the d i ff icul- ' 
ty of the procedure . High microbia l contaminat ion was cons is tent ly noted when 

fai led endopros the t ic or cup ar throplas t ies were  conver ted to tota l -h ip ar thro

p las t ies . S uch procedures require greater ac t ivity with assoc iated bac ter ia l 

shedd ing by the surgica l team . The use of an impermeab le hood and large mas k to 
cover the ent ire face excep t for the area about the eyes by the ent ire s urgical 

team resulted in a s igni f ic ant decrease of the d irec t bac ter ia l shedd ing by the 

scrub nurse  onto the ins truments and by the surgeon and h is ass is tants about the 

or ifice of the wound (Tab le 5 ) . 

The high leve ls  of  airborne bac ter ia l contaminat ion found in the cas t 

rooms and corr idors of the operat ing suite neces s i tate pos it ive pressure wi thin 

the operating room (Tables 6 and 7 ) . Period ic chec ks of  the pressure  re lat ion

ships and smoke s tud ies to examine the ir f low pat terns are neces sary to ensure 

maintenance of  these parame ters . 
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Table 4 .  Bacter ia l Contamina tion of Ins trument Table and Orifice of Wound 

Room air 
exchange /hour 

12- 14 
28- 3 2  

I 

Hoods 

Without 
With 

Instrument Table Orifice of Wound 

No . of Mean no . of No . of  Mean no . of 
observation co lony- forming observation colony- forming 

periods units /sq ft per hour per iods units/sq ft per hour 

13 60 16 109 
7 4 3  7 18 

--- --

Table 5 .  The Effec t of Hoods on Bac ter ia l Contaminat ion of 
Ins trument Tab le and Or ifice of  Wound 

Ins trument Table Or ifice of  Wound 

No . of  Mean no . of  No . of Mean no . of 
observat ion c o lony- forming observat ion co lony- forming 

per iods units/sq  ft per hour per iods unita/sq ft per hour 

1 1  65 10 134 
9 4 1  13 43 
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Table 6 .  Airborne Bac ter ia l F lora in Corridor 

Ac t ivity leve l I Viab le par t ic les /cu f t  of a ir 

Mi ld 16 . 3  
Moderate 20 . 3  
Maximum 24 . 9  

Table 7 .  Airborne Bac ter ia l  
Flora in Cas t Room 

Room air Viable par t ic les /cu ft  of air 
exchange/hour Cas t remova l 1 ·  Room empty 

12 - 14 9 . 8  6 . 0  
28-32  1 1 . 8  6 . 0 

Previous ly  pub l ished s tud ies of tota l - hip ar throplas ty with wound 

cultures at this ins t i tution have shown contamination of the operat ing wound in 

up to 33 percent of the procedures ( 2 ) . Different iat ion of  endogenous c ontami

nation from exposed skin surfaces and airborne seeding of the operat ing wound is 
not entire ly pos s i b le . When ser ial cu ltures of the operat ive wound were care

ful ly performed in aerobic and anaerobic fash ion dur ing 157  total-h ip ar thro

p las t ies , rooms with h igh and low room air exchange were noted to have roughly 

the same rates of bac ter ia l  co lonizat ion of the operating wound (Table 8 ) . 

However , anaerobic organisms were isolated in a lmos t 50 percent of  the 
wounds with pos i t ive cultures (Table 9 ) . These anaerobic organisms probab ly are 
not airborne contaminants but mos t like ly represent endogenous contaminants  from 

exposed edg�s of  skin .  Bac ter ia l colonizat ion in an add it ional 28 percent of th 

wounds by S taphylococcus epidermid is c ould represent e i ther endogenous or exoge

nous contaminat ion .  Different iation is not poss ible at the t ime of this wr iting .  
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Tab le 8 .  Pos i t ive Wound Cultures* 
in 157  Tota l-Hip Arthrop las t ies 

Room ai r Pos i t ive cul tures 

exchang_e/hour No . o f  proce dures Number 

12- 14 4 2  1 7  

28-3 2  115 39 

*Tissue cul ture . 

Tab le 9 .  Organisms Recovered From 
57  Pos it ive Wound Cultures*t 

Prop:lo aibacterium acnes 24 

S t aphylococcus epi de rmi dis 16 

S t rept ococcus , v i ri dans group 1 1  

Co ryne bac terium 6 

S t aphy lococcus aureus 2 

Peptococcus 2 

Ne i s s e r i a  2 

Baci l l us 2 

Eu bacterium qu intum 1 

Lactobaci l lus 1 

I Pe rcent 

40 

34 

*More than one o rganism recovere d f rom 

s ome pos i t ive cu ltures . 

tTissue cul tures . 
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Bac ter ia l co lonization of the operative wound has been assoc ia ted 

with an increased inc idence of deep wound seps is ; however , the organisms recover

ed at the time of seps is may differ from those recovered dur ing surgica l  proce

dures ( 2 } . 

A lthough h igher leve ls of  a irborne bac ter ia l contaminat ion and 

operative wound cultures were noted in rooms of low room a ir exchange , there was 
no s tat is t ical  difference in the rate of deep seps is after tota l - hip arthroplasty 

(Table 10) . 

Table 10 . Deep S eps is Af ter Tota l-H ip Arthrop las ty 
(March 1969 Through February 1972 )  

Room ai r exch anges /hour 

12- 14 28-3 2 

No . of proce du res 1 , 853 1 , 3 60 

No . o f pat ients wi t h  25 10 

deep s eps is 

% Pat ients wi t h  deep 1 . 3  0 . 7 

seps i s  

CONCLUS IONS 

' 

The personne l working in the operat ing room and the pat ient are the 

sources of air borne bac ter ial contaminat ion within the opera t ing room . The leve l 
of airborne bac ter ia l contamination in the convent iona l ,  modern operat ing room is 
var iable , depend ing on the air hand l ing capab i l ities in the par t icu lar operating 

room . In general ,  rooms with low rates of room air exchange per hour have h igher 
leve ls of airborne bac terial contamination .  The leve l of airborne bac ter ial  coo-' 
taminat ion in operat ing rooms with high rates of room a ir exchange per hour can 

be e leva ted if  traffic control  is not enforced and if  increased numbers of per

s onne l are in the operating room dur ing surgica l procedures .  To mainta in a low 
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level of airborne bacterial contaminat ion during an operat ing procedure in 

rooms with low rates o f  room air exchange , strict adherence to traffic con

t rol and limitat ion o f  the number of personnel in the operating room are 

necessary . A direct relat ionship between airborne bacterial contaminat ion 

and wound colonizat ion has not been established . However , bacterial coloni

zat ion of the operat ive wound is associated with an increased incidence of 

deep sepsis after total-hip arthroplasty .  
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ULTRAVIOLET LIGHT IN THE ORTHOPAEDIC OPERATING ROOMS AT DUKE UNIVERS ITY--

37  YEARS ' EXPERIENCE , 1937 - 74 

J .  Leonard Go ldner* 
Rober t W . Ga ines* 

Mary Higgins* 

The operat ing room environment at  Duke Hospita l in 1930 was 

patterned after s tandard opera ting rooms throughout the United S tates . Dur ing 

the winter months , the inc idence of operating room infec t ions caused by hemo

lytic Staphylococcus aureus was approximately ten percent . Deryl Hart attempted 

many changes in order to decrease the inc idence of infec tion ( 13 ) . Har t pub

l ished an ar t ic le in 1938 g iving the effor ts that had been made to reduc e  the 

number of bac teria in the operat ing room a ir ( 14 ) . The procedures at tempted 

were : 

1 .  Rigid isolation wi th no vis itors and a minimum number of 

personne l in the operat ing room dur ing any procedure . 

2 .  Large heavy mas ks covered the nose and mouth , both dur ing and 

be tween operations . 

3 .  A l l  carr iers of S taphylococcus aureus in the nose and thr oa t  

were exc luded . Ser ious opera tive procedures were pos tponed when contamination 

of the a ir was found to be high . 

4 .  Met ic u lous c lean l iness was ma intained by frequent wash ing and 

pa int ing , and by e l iminating or decreas ing a ir currents from other par ts of the 

hospita l . 

5 .  Large amounts of a ir were taken from outs ide the bu i ld ing , where 

there were few , if  any , pathogenic bac ter ia , filtered and washed and the air 

cond i t ioning sys tem then used to d i lute the a ir in the operat ing rooms . 

6 .  Var ious types of he lmets and s uc t ion devices were uped in an 

effort to decrease the number of pa thogenic bac ter ia . 

In spite of these precaut ions , contaminat ion of the air with 

pathogenic bac ter ia rose as the number of carr iers dur ing and fo llowing ep i 

demics of infec t ion o f  the respiratory trac t occurred ( 17 ) . 

* 
Duke University Medical Center , Durham, North Carolina.  
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Not unt i l  ultravio let  (UV) light was introduced· t o  the operating rooms at 

Duke d id the inc idence of infec t ion decrease to a leve l tha t was acceptab le to 

the s urgeons working at Duke in the late 1930s and acceptable when compared with 

s tat is tics quoted throughout the country at that t ime . 

THE INITIAL EXPERIENCE WITH ULTRAVIOLET LIGHT AT DUKE 

Ultraviolet light e l iminates pathogenic bac teria , jus t  as does 

s unshine . Air partic les carrying bac ter ia could be s ter i l ized by ultravio le t  

l ight ( 13 ) . Exper iments demons trated tha t Pe tr i dishes o f  b lood agar , when 

s pr a yed with hemolyt ic S taphylococcus aureus and exposed at the operat ive s i te , 

would be s ter i l ized within one to three minutes ; and at this point , the number 

of bac ter ia dropping out of the air could be reduced by 95 percent to 100 per 

c ent . 

The intens ity of the rad iation wi ll  not give the pat ient an apprec iable 

s k in erythema dur ing an expos ure of 90 minutes ; and the surgeon we ar ing minima l 

protec tion of  a paper hood , p las t ic or p la in g lasses , a s tandard green eyeshade 

and ordinary gown may work for hours in this environment without the eyes or 

the skin be ing affec ted . 

In 193 7 , Har t demons trated that contamination of operat ing room a ir 

was universa l . F ifty  surgeons in 25  s tates were as ked to make cu ltures in the ir 

operating rooms in order to de termine the extent and degree of a ir contaminat ion . 

Repor ts received from 32  s urgeons cover ing 37  operat ing rooms in 33  hospita ls 

located in 17 s tates showed S taphylococcus albus on a l l  p lates , and over 50 

percent of the p lates showed S taphyloc occus aureus . 

Har t emphas ized dur ing the same per iod that exc lus ive of bac ter ic ida l 

irrad iation , air condit ioning is the mos t  impor tant s ing le means of reduc ing 

bac ter ial count of the a ir in the occupied operat ing room ( 2 2 ) . 

Organisms given off in an operat ing room by the occ upants are 

predominant ly gram-pos it ive cocc i and gram-negat ive bac i l l i , and these are re 

moved rapid ly by c lean c irculating air from an effic ient vent i la t ing sys tem ( 19 ) . 
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A l l  things be ing equa l ,  the number of pa thogenic bac ter ia in the ai r  

o f  a room increases direc t ly with the number o f  occupants and the durat ion o f  

occupanc y .  Converse ly , the bac ter ia l count drops d irec t ly i n  propor tion t o  the 

length of t ime the room is unoccupied and c losed . 

The air in an operat ing room that conta ins ord inary air cond i t ioning 

and no spec ia l environmenta l ant ibac ter ia l devices , and which has been c losed 

between 15 to 20 hours , is almost free of bacteria. A room with many occupants , 

however , has a much h igher bac ter ia l count than an ad joining room with a few 

occupants . 

Hart and his co-wor kers found that  four occ upants suffer ing from 

colds in an operat ing room resu lted in Pe tr i dishes of blood agar exposed for 

one hour to s how an average of 13 . 8  colonies of s treptococc i per Pe tr i d ish 

( 17 , 18 , 19 ) . 

The tota l  number of colonies of bac ter ia sed iment ing from the a ir \ 
gives some idea of the degree of contamination of the air , but is  less s ignifi-

cant than the number of pathogenic organisms present . In this respec t ,  the air 

cond itioning , by removing mos t of  the nonpathogenic organisms fr om the incoming 

a ir and only d i lut ing the concentrations of the pathogens in the room , gives 

more apparen t  than actual improvement in operating room conditions . In recent 

years , however , the nonpathogens of former t imes , in other words , S taphylococcus 

epidermid is , and cer ta in gram-negat ive cocc i and bac i l l i , are now cons idered 

pathogens because of me ta l l ic and p las t ic imp lants that are being used as s ub

s t itutes for a l l  or par t  of an organ sys tem . Hip j o ints , knee joints , me tacar-

pal and pha langea l joints , and hear t va lves inc lude s uch  fore ign mater ials as  

high dens ity polyethylene , methy l  methacrylate , metallic al loys , silicone , and 
densely woven Dacron , all of which prov ide mechanical crevices and cracks and 

prevent the components of the natural immune system and antib ioti cs from get ting 

to the bacteria. 

Airborne bac ter ia thus become an even more ser ious prob lem s ince both 

pathogens and nonpathogens may affec t the mechanica l s tabi lity and the durabi lity t= 
of an imp lant . The combinat ion of ultravio le t l igh t and a s uperior a ir c ond i

tioning system in 1974 has maintained an infec t ion rate for the Orthopaedic 
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Service at Duke of les s tha t 0 . 5  percent . When the ultraviolet ligh ts were 

int roduced init ial ly , the air conditioning system was difficult to maintain , 

the f ilters were not  as efficient , and the air changes per hour per room were 

less  frequent than during the past ten years . 

In spite of the incons is tent a ir f low and the difficulty in contro lling 

room temperature and the contamination that  resu l ted when ind ividuals  with res 

p ira tory infec t ions were in the operat ing room ,  once ultravio let  l ights were 

introduced to the operating rooms at Duke ( 1934 ) , the high infec tion inc idence 

decreased to a leve l that was acceptab le ( 14 ) . The percentage of infections 

has cont inued to remain at the same low leve l from that t ime to the present . 

The Or thopaedic Service a t  Duke has ut i l ized u l traviolet  light s ince 1937  for 

a l l  major s urgical cases . The rec ord of wound infec tion in re fined , c lean 

wounds ( f irs t operation in a par t icular region on a particular pat ient )  has 

been ma intained at a very low leve l .  The inc idence of  or thopaed ic wound in

fec tions s ince 1 940 , reviewed on an annua l bas is , has been less  than 0 . 5  per

cent for a l l  operat ive cases done . Th is percentage has not c hanged even though 

the s ta f f  has increased from 1 full - time to 7 ful l-time or thopaed ic surgeons , 

from 4 or thopaed ic res idents to 35 d i f ferent res idents (not a l l  at  the parent  

hosp i ta l  s imu ltaneous ly) , and from 100  or thopaedic opera tions per year average 

to approx ima te ly 3 , 000 or thopaed ic procedures each year . 

CURRENT STUDIES OF OPERATING ROOM ENVIRONMENT AT DUKE 

Many ques tions , especially those concerning the  relat ive benefit  of 

ultraviole t radiation versus newer te chnique s , such as unidirectional airflow 

in reducing surgical infections ,  cannot be answered unequivocal ly .  However ,  

one cannot refute t he  hypo thesis that horizontal o r  vertical un idirectional 

flow with High E ffi ciency Part iculate Air (HEPA) filters in .the sys tem p rovides 

the "cleanes t" possible air with reference to  particles . The point of maximlDD 

patient  protection by air c leanliness has neither been determined nor set in 

perspe ctiv� with contact contamination and endogenous sour ces of bacteria ( 8) . 

While the s terilization of exposed sur face s , the germicidal effect on exposed 

skin , and the continuous radiation o f  wet are as  on drapes and the surgeons ' 
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clothing are benefits  of ultraviole t light , the information presented  relates  

to  the incidence of operating room infections for  the Orthopaedic Service at  

Duke and the data relative to  contamination in the air ,  both recently and 

during the past 35 years ( 10) . 

Total - h ip ar throp las ty , other hear t and j oint imp lants . and organ 

transp lantation have introduced var iables into the cri ter ia for operat ing room 

c leanliness and s t imulated review of techniques , operat ing room air , and inc i 

dence o f  operat ing room infec tion . In many hospitals , and i n  individual opera t

ing rooms supervised by particular services , conditions that had been satis

fac tory for pr ior major surgery have proven unsatis fac tory for these procedures . 

The relat ive va lue of "s ter i lity of  the air" mus t be defined . We be l ieve that  

c lean air decreases the inc idence of operating room infec t ion ;  however , we 

cont inue to as k ourse lves s uch  ques t ions as : 

1 .  How impor tant is the reduc tion of atmospheric bac ter ia from one 

to three colony- forming units per c ubic foot of air to essentia l ly s teri le air? � 
2 .  What is the relative importance of contac t contaminat ion which 

may invo lve thousands of bac ter ia? 

3 .  How important are endogenous bac ter ia which can never be comp lete ly 

e l iminated from the patient ' s  s kin or cer ta in foc i within the body? 
4 .  How impor tant is the waning immunologic competenc y of  the pat ient 

population undergoing the procedure ( 1 1 ) ? 

Fur thermore , how many bac ter ia per gram of t issue mus t be in a 

par t icular kind of wound in cer ta in patients in order to cause a c l inic a l ly 

evident wound infec tion? And , how important is the presence of a pros thes is 

in l iving tissue ,  when cons ider ing the effec t of  sma l l  numbers of nonpatho

genic bac ter ia inocula ted in an area where a pros thesis  is present , in caus ing 

a c l inical  infec t ion? These ques tions under cons iderat ion and the d a ta pre

sented by many inves t iga tors should provide the answers soon , if  not a t  the 

present t ime . U l travio let  light wi l l  provide c lean a ir and k i l l  the bac ter ia 

on exposed s ur faces . 

- ______ _) 
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OOKE OPERATING ROOM AIR CONDITIONING SYSTEM 

At Duke , the air condi tioning sys tem is superior and effi cient and 

even without ultraviolet light , the air is re lat ive ly c lean , the a ir exchange 

averages 35  times per hour , and the par tic le count is relat ive ly low . Under 

ord inary c ircums tances , i . e . , limited traffic , minima l  turbulence , and a re 

fined , c lean case without endogenous e lements , the inc idence o f  infec t ion on 

any service is low . A safety fac tor shou ld ex is t to protec t the patient 

agains t a patho logic shedder , a respiratory infec t ion in one of the operating 

room personne l ,  or air contamination from some other s ource . U l travio let l ight 

wi l l  do this in addit ion to the protec t ion provided by the air cond it ioning 

s ys tem . 

In the Duke operat ing rooms , mod ificat ions of the air cond itioning 

sys tems or add itions of new rooms with new sys tems have been c arr ied out s ince 

1957 . In 1969 when total-hip ar throp las ty was init iated at  Duke , the proce

dures were done under S ys tem #4 (Operat ing Room Suites 16 , 17 ,  18 , and 19) . 

The air hand ling unit  is loca ted in the attic of the Davison 

Bui lding . The fresh air intake and exhaus t are in the roof above the a ir 

hand ling unit . Incoming a ir passes through the fan , med ium effic ienc y f il ter , 

a preheat coi l ,  a heat whee l ,  high ef fic iency fi l ter , an a ir washer , and a 

coo ling coi l .  Next the air enters the individua l duc ts lead ing to the operat
ing rooms where i t  is reheated and humidi fie d befo re entering the rooms . The 

exhaus t duc t has a high effic ienc y f i l ter jus t  be fore the heat whee l .  The 

heat whee l is des igned to trans fer heat from the exhaus t a ir into the s upp ly 

air for economy . Th is is the on ly point of contac t between the exhaus t air 

and the supp ly air , and this is the reas on a high effic iency f i l ter is in the 

exhaus t duc t . There is no rec irculat ion of air . These rooms are equipped with 

ultravio le t lights . Many of the firs t 200 tota l hips done at Duke were done 

in this suite . This informat ion is given only to emphas ize the importance of 

� invest igators knowing as muc h as poss ible about the bas ic a irf low des ign of the 

room, the number of changes per hour , the pressure read ings , the humid i t y ,  the 

temperature , and other deta i ls re lated to flow of par t iculate matter . 
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Sys tem 12 at Duke , serving Operating Rooms 3 through 10 , consis ts of 

an a ir hand ling uni t  located on the 5th f loor of the 1957 add i t ion . The 

fresh a ir intake and exhaus t are in the eas t wa l l  o f  the mechanica l r oom of 

the observat ion suite . The fresh a ir pas ses through med ium e f f ic iency f i l ters , 

h igh effic iency f i l ters , preheat c o i l , an air washe r ,  cooling coils , a reheat 

co i l ,  and then the fan . After leaving the fan , the a ir enters ind ividual  duc ts 

lead ing to Rooms 3 through 10 and pas ses through a f ina l reheat coi l . There 

are no provis ions for the a ir to be rec ircula ted . 

S ys tem # 1  serves Operating Rooms 1 and 2 , and inc ludes an air 

hand ling uni t  located on the roof of  the 1957 add it ion which is the locat ion 

of  the fresh air intake and exhaus t .  The fresh a ir passes through medium 

e f f ic iency pre f i l ter& , prehea t ing coils , an a ir washer , and c oo l ing coi ls . I t  

then enters the fan , passes through high e f f ic iency f i lters , is reheated , 

humid ified , pas ses through vo lume control  dampers ,  and then enters the opera t

ing room. This sys tem normally uses 100 percent fresh air ,  but it  is designed 

so that the a ir can be rec ircu lated . 

System #3 serves Operating Rooms A,  B ,  C ,  and D ,  and includes an air 

handling unit located in the hosp ital attic ove r  the supply rooms for the oper

ating sui te . The fresh air passes through medium efficiency f i lter s , high ef

feciency f ilters , preheat ing coils , an air washe r ,  and cool ing coils .  The air 

then enters the f an ,  passes through a reheat coil and a humidif ie r ,  then enters 

the ope rating rooms . There is  no provision for recirculat ion of air in this 

system . 

The high eff iciency filters used are Farr Model HP-200 which r emove 

95 percent of par t icles in the f ive micron range . Continental Models 9C24 , 

9Cl2M, and 9C24M ,  r emove 95 percent of particles in the one micron range , or 

92 percent in the 0 . 3 micron range . 

The medium eff iciency f ilters are Farr Model RP-2A , removing 36 . 5  

percent of particles in the f ive micron r ange , and Cont inental Models CF-445 , 

CF-248 , and CF-448 ,  removing 45 percent of par ticles in the 1 . 8 micron r ange . 

The parti �le ef f iciency ratings are b ased on the NBS tests  using atmospheric 

dus t . 

There  are 36 air changes per hour in Operating Room 3 ,  and 34 air 

changes per hour in Operating Room 4 .  
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TOTAL-HIP ARTHROPLASTY AT DUKE 

Total-hip arthroplasty utilizing methyl mathacrylate was ini tiated 

on the Duke Orthopaedic Service in 1969 . This operative procedure was carried 

- out in Great Britain , France , Canada , Australia , and New Zealand in large num

bers p rior to that time . Initially , the infection rate in certain centers was 

high ( 7  percent to 14 percent)  (5) . With alterations in operating room environ

ment , these centers decreased their infection rate t o  an acceptable level . At 

Duke , we init iated the procedure following the same draping and prepping tech

niques as we had done for other hips , and followed essentially the same program 

as had been followed for any major o rthopaedic procedure . The air condit ioning 

sys tem was as before , and the ultraviolet lights were used consis tently.  During 

the time that the firs t 100 to tal  hips were being done ( about one year) , o the r 

modifications in techniques were added to avoid "taking unneces sary chances . " 

'lhese included :  

• the use o f  protec tive booties on the shoes ; 

• use of a throw-away hood to decrease s hedd ing from ha ir and nec k ;  

• occas iona l use o f  wrap-around d isposa ble paper gowns ; 

• l�i tation of traffic ; and 

• initiat ion of a c lean corr idor which e liminated a l l  unnecessary 

traffic . 

The open "a U-day- long" bac k tab le technique which had been used for over 20 

years was d iscont inued even though pr ior bac ter iologic s tudies had shown the 

UV lights to be effec t ive in ma intaining s ter i l i ty .  

To the present time , there have been eight infections evidenced by 

wound suppuration in about 700 tot al-hip patients . These problema occurred 

during the f irst 300 hip operations . No maj or infections occurred in the 

subsequent 400 hip procedures . These operations have been done by both senior 

s taff and resident s taff , and the operat ing room techniques and the environ

ment have not been al tered excep t in the way that has been men tione d .  The use 

of prophylactic antib io tics was not cons is tent , _  and t his aspect of the p ro ce

dure will be dis cussed later . 
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Hips that have been operated upon p reviously are asp irated and the 

material cultured pr ior to operation ; swab cultur e , as well as tissue for cu l

ture , is taken at the t ime of the pro cedure al though the lat ter has usually 

o ccurred af ter the ini ti al dose of antibiot ic has been given . The patients 

are s creened for endogenous sour ces of bacte ria such as urine , respiratory 
tract , teeth , and his torically at leas t for su ch conditions as chroni c gall

bladder d isease , ulcerative colitis , or thrombophlebitis . If the his tory or 

findings are positive the operat ive procedure is delayed .  

Certain members o f  the or thopaedic s taff have had no operat ive 

infec tions in doing tota l -h ip rep lacements ; whereas , other members who may 

have been invo lved in a greater number o f  procedures , or procedures o f  a more 

d i f f icult nature , may have had a h igher inc idence of infec tion . Many fac tors  

mus t be  c ons idered in  as sess ing the average f igure . The overa l l  inc idence o f  

seps is in a ll  tota l-hip ar throplas t ies u t i l i z ing me thy l me thacry late on the 

Duke Or thopaed ic Service and inc lud ing a l l  pat ients , whe ther they have been 

operated upon previous ly or not , has been 1 . 1  percent . These infec tions oc 

curred dur ing the t ime that the f irs t 300 pat ients were operated upon . There 

have been no infec t ions dur ing the las t 4 00 tota l-hip oper a t ions . This em

phas izes the impor tance of de termining s tatist ics on a large number of patients 

that may inc lude change of seasons as we l l  as change in pers onne l .  We empha 

s ize  again that the patients inc luded in the s e  s ta t is t ics are no longer those 

which Hart  defined as ref ined , c lean cases , but now inc lude pa t ients who have 

had pr ior operative procedures inc lud ing endopr os theses . 

PROPHYLACTIC ANTIBIOTICS ON THE DUKE ORTHOPAEDIC SERVICE 

The neces s ity  or the va lue of prophy lac t ic ant ib io t ics for orthopaedic 

pat ients a t  Duke has not ye t  been ascer ta ined c omp le te ly . The infe c t ion rate 

for all majo.r orthopaedic operations during the pas·t 30 years has been 0 .  5 per-

cent or less , reviewed on an annua l bas is . This exc ludes the per iod of  t ime 

when the tota l- hip s tudy was init ia ted . Ant ib iot ics had been used haphazard ly 

by members of the Duke s taff . In cer tain ins tances they were s tar ted preopera

t ive ly . A doub le- bl ind c ontrol  s tudy was init iated in 1969 . In this  s tudy 

were inc luded pat ients chosen at random , a l l  of  whom had a ma j or or thopaedic 

operat ion s uch as spine fus ion , j o int rep lacement , but exc lud ing a ll hand cases , 
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mos t foot operations , and mos t knee operat ions . Over 200 of the pat ients in

c luded in the double - b l ind s tudy were pat ients undergo ing a tota l- h ip ar thro

p las ty .  All of the pa t ients were operated upon under u l trav i o l e t l igh t . There 

was no s igni f icant d i f ference in the infec tion ra te in those pat ients rece iving 

ant i biotics c ompared wi th those who d id not ;  all were operated upon under UV 
l�gh t .  We can see that in ·view of the prior low infection rate which we believe 

rel ated to use of UV light , the number of patients involved in a double-b lind 

ant �biotic study f rom. ·whi ch s ignificant convincing f igures would evolve may be 

over 1 , 000 . ) 

Our current prac t ice is to use a prophylac t ic antibiotic reg ime in 

a l l  pat ients rece iving an imp lant in view of the pos s i b i l ity of undetec ted en

dogenous sources of bac ter ial c ontamina t ion .  The f irs t dose is g iven the night 

be f ore operat ion , cont inued dur ing the procedure , and d iscont inued 48 hours 

pos toperat ively . The s ide e f fec ts have been minima l a lthough some have been 

recognized occas iona lly . The a lteration of natura l occ urr ing bac ter ia and the 

alteration o� bacterial f lora within the . ho spi tal and within the individual 

patient have been no ted . Further , the res is tance of ce rtain gram-negative and 

gram-positive bacteria related to the widespread use of antibiotics cannot be 

ignored. Gas trointes tinal alterations , delayed sens itivities , and yeas t and 

fungal infections are all  poten tial dangers of  an tibiotics . 

ANALYS IS OF TOTAL-HIP INFECTIONS S INCE 1969 

There have been eight �eep wound infections in a total of app roximate ly 

700 pat ients who have had tota l - h ip ar thr op las ty . Three of these infec tions 

occurred in previous ly unoperated h ips and would be in the ca tegor y of ref ined , 

c lean cases . In one ins tance , a C los.tr id ium per fr ingens organism was iso lated 

without evidence of gas gangrene . This deve loped in the subcutaneous t issues 

approx imate ly three wee ks after the operat ive procedure . The me thacrylate 

cement cultured at the t ime of the ini t ia l  operat ion was a ls o  pos i t ive for this 

organism . Eventua l ly the pros thes is had to be removed . A second pat ient de 

ve loped a deep infec t ion e ight months after tota l -hip rep lacement even though 

the immed iate pos toperat ive course and the s ubsequent months showed no unus ua l 

s igns or symptoms . This pat ient had a ur inary trac t infec t ion at the t ime s he 

re-entered the hospita l  wi th hip pain , and Escher ich ia c o l i  was cultur ed from 

both the ur ine and from the h ip as piration . The pros thes is was removed . A 
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third pat ient deve loped pa in about the greater trochanter severa l months after 

tota l - h ip rep lacement wh ich was accompanied and followed by a benign course . 

The pain was thought to be due to trochanter ic wire and was removed by a s ur 

geon where the pat ient was vis i t ing . The wound had been c losed at the time the 

wire was removed , but when he re turned to Duke severa l  weeks later , drainage 

had occurred and S taphylococc us aureus was cul tured . Case 11 was de fini tely 

an operating room infec tion but probably not air borne . Case #2 is in the 

category of endogenous infec t ion ,  and Case #3 was p robably not an operating 

room infec tion at the t ime of the ini t ia l  tota l-hip ar thr op las ty . 

The f ive other patients be ing c ons idered with deep wound infec t ions 

had a l l  undergone operative procedures pr ior to the tota l-hip rep lacement . 

One patient deve loped a wound hematoma two weeks after the operat ion wh i le on 

Coumadin . A gram-negative organism was cultured from the hematoma ; the wound 

was opened , evacuated and dressed da i ly for about three weeks . The wound sub

sequently hea led , and four and a ha lf  years later the pros thes is is in p lace 

without evidenc e of  loosening and the pa tient has no pain . Th is was cons idered 

as a secondary infec t ion and not pr imar i ly one that occurred in the operat ing 

r oom .  A second pat ient with a pa infu l endopros thes is of the femur deve loped 

wound drainage about two weeks after tota l-hip rep lacement was done . Pre

operative aspiration had no t been productive , but a posi tive wound culture 

was ob tained from tissue material at the t ime that the total replacement was 

4one (unknown until 48 hours after to tal-hip replacement) . In spite of 

long term ant ibiotic , the pros the s is loosened and had to be removed . This 

patient infec tion was c ons idered as one which was pres ent when the total-hip 

replacement was done , and was not cons idered as one that or igina ted from the 

operat ing room environment at the t ime of the procedure . A third pa t ient in 

this group of five had a pr imary d iagnos is of lupus erythematosus and required 

s teroids for contro l  of  vasculitis . S he deve loped a gram-nega t ive sept icemia 

and a dra ining wound , and the pros thes is had to be removed . The or igin of the 

gram-negat ive organism was not determined . Two other pa t ients in this group 

deve loped wound drainage after tota l - h ip replacement .  Both had pos i t ive bac 

ter ia l cultures from these wounds , a l though cultures taken a t  the t ime of the 

tota l- h ip operat ion were reported as nega t ive . We do not have an abso lute 

opinion as to the or igin of these two infec t ions . 
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I f  one i� wi l l ing to accept the thes is that air borne contamination 

is an �portant source of wound infec t ion in re fined , c lean cases or in apparent 

ly c lean areas that  have been operated upon before , there were no proven infec 

t ions that were a irborne in or ig in in th is group of h ip pat ients operated upon 

at Duke Hosp i ta l . The a ir cond i t ioning sys tem as descr ibed , the regulat ion of 
the ultravio le t  l ights as wi l l  be descr ibed , and the precaut ions already men

t ioned were in ef fec t dur ing this f ive-year per iod . 

AIR SAMPLING IN RADIATED AND NON-RADIATED ROOMS AT DUKE --VOLUMETRIC AIR 
SAMPLING 

In March of 1972 another s tudy was ini t iated on a tmospheric 

cond i t ions in the Duke operat ing rooms , and this t ime the vo lume tr ic Raynier 

Air Sampler was used . The collec t ing unit was p laced f ir s t  above f ive fee t  

from the opera t ing table where the room traffic and ac tivity were tabulated as 

the plate was inoculated and the effec t of these  variab les c ou ld be documented . 

Later , a p las tic tube to c o l lec t air was anchored with in s ix cent ime ters of the 

wound for co l lec tion of air . The colony- forming groups per cubic  foo t  per 

minute (CFG/ f t 3/min) and per cubic foo t per five minutes ( CPG/ft3/5 min ) 

were gathered and p lotted on a graph on severa l occas ions - - none of wh ich 

initia l ly were hip arthrop las ty . The colony- forming groups varied from zero to 
3 

three CFG/f t  /min , averaging one to two in the relatively quiet , unoccupied room. 

As the number of individua ls in the room increased , the leve l of a ir contamina

tion increased . Opening and c los ing doors d id not in i tself cause a sig

nif icant a l teration if the ind ividua ls le ft the room . However , if the doors 

were opened and more ind ividua ls entered the room such as a nurse ; anes thesi

ologist , surgical attendant , physician , or observer , the CPG increased rapid-

ly (Table 4-A through 4-C) .  

De tails  concerning the cul ture p lates wi thin the sampler have been 

reviewed . A l l  c u lture mater ial  is prepared as needed and refr igerated unti l  

used . Re fr igerat ion keeps the sur face area mois t ,  and pro longs the "she lf 

life" of the med ia . The e f fic ienc y of  col lec t i on is depend ent upon the d i s -

tance of the s l i t  to the med ia p late . This is ad j us tab le each t ime the p late 

is inser ted into the samp ler . The e f f ic ienc y  is approx imate ly 95  percent . 

The advantage of this s ampling procedure is that the particles are impacted 

on the plate , and only a small portion of the plate is exposed to the airf low 

as t he plate rotates every thirty minutes . Therefor e ,  drying out the media 
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and the col lec ted partic les is minimized . Once the operative procedure is 

completed , the p lates are taken immediate ly to the Microbio logy Laboratory and 

incubated . 

The ques t ion a lways ar ises as to the effec t of ultravio let ligh t  on 

the culture media in order to ascer tain the possibi l ity of the media be ing 

affected in such a way that the organisms would be less  like ly to grow than on 

the usual media . The media used in se t t le p lates during operative procedures 

is Trypt icase Soy Agar and not B lood Agar . Our observations have been that the 

culture media ,  once exposed to u l travio le t  ligh t , was not discolored or af
f ected. 

Add it iona l review of the area outs ide the main operating rooms at 

Duke showed that the traffic in the ha l lways was not s tr ic t ly contr o l led . In

d ividua ls pass ing from one part of the hops i ta l to another d id have access to 

the hal lways , s treet c loth ing was permitted in these corr idors and re ferr ing 

or supervis ing members of the s taff  cou ld walk in the ha l lways outs ide of the 

main operat ing room without changing shoes or c lothes . This is the pa t tern 

that had been a l lowed for many years and presumably because of the ultraviolet 

lights in the operating room, the infect ion rate had not been affec ted adverse

ly. The initial vo lumetric sampling in the total hip rooms was done during 

the time the free f low of traffic was al lowed , and in spite of this , the leve l 

of airborne organisms within the rooms was we l l  be low the s ugges ted minimal  

s tandard . The f luc tuation in  bac ter ial counts when ind ividuals entered the 

rooms , and the e levation of counts dur ing cases when air currents were increased 

and between cases when mot ion and talking increased was evident .  The ortho
paed ic infec t ion rate has been maintained at the low leve l mentioned despite 

re lative freedom of traffic throughout the entire operat ing suite s ince 1935 . 

With the advent of  tota l-hip ar throp las ty and other joint imp lants 

in orthopaed ics and in keeping with the effort to s tandard ize the operating 

room environment , a res tr ic ted traffic pol icy  and spec ified requirements of 

dress for �·hose within the operating room area have been es tabl ished . Entrance ' 
and exit  from the orthopaed ic operat ing rooms have been reduced somewhat , but 

control  is not s tr ingent . Members of the nurs ing service , surgica l attendants , 
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anes thes io logy personne l ,  or thopaed ic res idents , and others , cont inue to enter 

and leave the operating room on numerous occas ions . In spite of  this , the air 

sampl ing s tudy shows sat isfac tory c ontr o l  of  the bac ter ial content in the a ir 

because of the air cond i t ioning sys tem ,  and that the number of pa thogens reaches 

a low leve l if  the u l traviole t  l igh ts are used . Data c oncerning comparat ive 

s tudies of air samp l ing in or thopaedic r ooms both with and without ultraviolet 

l ights are presented in a pre l iminary form in this paper wi thout prec ise c on

c lus ions be ing drawn at th is t ime (24 ) . 

RECONFIRMATION OF THE EFFECTIVENESS OF ULTRAVIOLET LIGHT ON BACTERIA IN THE 
OPERATING ROOM 

The purpose of the s tudy was to demons trate the t ime -death r e lation

ship of a known number of S taphylococcus aureus coagu lase J±l to ultraviolet 

l ight irradiat ion at the opera t ive s i te in two or thopaed ic operat ing rooms at 

Duke Univers ity Med ica l Center . These are the two rooms in wh ich tota l-hip 

ar throp las ties are done and in which volumetric air sampling is being done 

with u l traviole t l ights e i ther on or off . The p lacement and arrangement of the 

ultraviole t l ights in the two rooms was d ifferent , and this s tudy al lowed com

par ison of the p lacement in a low ce i l ing room with placement in a h igh ce i l ing 

room . 

An appropriate S t aphylococcus aureus coagulase J±l dilut ion was made 

as follows : a lyophilized disk of Staphylococcus aureus coagulase J±l (Stan

dard Disk ; Dif co) was asept ical ly placed in Tryp ticase Soy Bro th and incubated 

at 3 7° C for 24 hours . After 24 hours of incubation , serial dilut ions o f  the 

o riginal bro th culture were made and s pread onto a Blood Agar Petri dish ( 15 mm 

x 150 mm) .  The surface of the Blood Agar plates was allowed to dry at room 

temperature and then incuba ted at 37° C for 48 hours . Af ter incubation , the di
lut ion (106) that p roduced approximately 200 CFG on the Petri dish was chosen . 

6 
Preparation of  a Staphylo coccus aureus coagulase J±L 10 dilution was prepared 

and one millilite r of the 10
6 

dilution was spread onto 16 Blood Agar Petri 

dishes (15 mm x 150 mm) .  The surface of the Blood Agar plates was allowed to dry 
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at room temperature . The Petri dishes were taken to Operating Rooms 3 and 4 

and placed at  what approximated the operative s ite . In Operat ing Rooms 3 and 

4 ,  there was a control plate (no exposure to UV irradiation ) , and the remaining 

Petri dishes were expo s ed to ultraviolet irradiation for 5 ,  10 , 15 , 20 , 30 , 60 , 
and 120 minutes  respectively .  Petri dishes were then incubated at 37° C for  

48 hours &ld remaining colony-forming groups were coun ted and recorded.  The 

original number of colony-forming groups in the b roth culture is the number of 

the control plate . Table 1 shows the percent age of  reduct ion o f  bact eria wi th 

the ultraviole t  light on during a recorded t ime interval . 

Table 1 .  uv Light--Percent Reduction in Bacteria 

Room 4 Room 3 

n Colonies % Reduc t .  /Time I Colonies % Reduct . /Time 

Contro l  170 0 130 0 

5 min 29  83% 45 65% 
10 min 15 91% 6 95% 
15 min 8 95% 5 96% 
20  min 0 100% 0 100% 
30 min 0 100% 0 100% 

1 hr 0 100% 0 100% 
2 hr 0 100% 0 100% 

The t ime-death relationship o f  a known number o f  Staphylococcus aureus 

coagulase J±L to ult raviolet light was measured in two orthopaedic operating rooms 

at Duke .  The plates with a known Staphylococcus aureus dilut ion spread on Blood 

Agar Petri  dishes were exposed to ult raviolet light at a point that approximated 

the operat ive sit e .  

In Room 4 ,  which was equipped with eight ceiling light s an d  twelve wall 
6 l ights , there were 1 70 colonies X 10 as a cont rol .  The control plate was not 

exposed to UV light and at the end of  two hours , there was no reduct ion in the 

number of colony- forming groups . In the plates exposed to  UV light at five min

utes , the number of  colonies had decreased to 29  (83  percent reduct ion in the 

number of colonies ) .  At ten minutes after UV light exposure , the numbe r  of 
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colonies was reduced to 15 (91 percent reduct ion ) , and at 15 minutes , the 

reduct ion was to eight colon ies (95 percent reduct ion ) . By 20 minutes after 

exposure t o  UV light , there were no colon ies noted , nor were there any at 30 

minutes , one hour , or two hours . The UV l ight reading in that room was 1 7  KA/ 

cra
2

/ sec . 

Operat ing Room 3 has no overhead light s but there are 12 s idelight s .  
2 

The intens ity in this room is usually 12 MW/ cm /se c ,  whereas the readings in 
2 Room 4 are usually 1 7  KA/ cm / sec . 

In Operat ing Room 3 the ult raviolet l ights are on the s idewalls and 

shining indire ct ly as ceiling l ight s .  ( The ceiling is not of sufficient height 

t o  allow l ight s to be mount ed on the ceil ing . ) The number o f  colonies on the 
6 

init ial plat e  was 130 x 10 • In five minutes , the reduct ion was t o  45 colonies 

( 6 5  percent ) .  After ten minut es of exposure to UV l ight , the reduct ion was to 

s ix colonies (95 percent ) . Aft er 15 minutes there were five colonies remaining 

( 9 6  percent ) .  Aft er 30 minutes o f  exposure , there were no colon ies not ed , nor 

were there any after one hour , or two hours . These observat ions confirm the 

e fficacy of ultraviolet l ight even though the intens ity o f  the reading is not 

as high as that which is usually recommended and even though a high ceiling room 

was not available.  The variat ion in the amount of t ime necessary to kill all 

the colonies is related to the intensity . The original studies of Hart show that 

within three minutes the bacterial colonies were absent if the intens i ty is main

t ained at 2 5- 30 KA/ cm
2

/ se c .  

PRELIMINARY ANALYSIS OF DATA FR<M VOLUMETRIC AIR SAMPLING DURING 
TOTAL-HIP ARTHROPLASTY WITH ULTRAVIOLET LIGHTS ON AND OFF 

A random s tudy is current ly in p rogress . The particular ope ration 

to be done wi th ul traviolet lights on or o f f  is de termined by the surge on .  A 

high - risk patient , i . e . , a renal transpl an t  patient with avas cular necrosis 

having total-hip repl acement o r  a pat ient with rheumato id arthri t is who is on 

continuous s tero id intake ,  should get p rophylactic ant ibiot ics based on current 

antib iotic-con t rolle d  s tudies . As of this time , 35 t ot al-hip arthroplas ties 

have been monitored wi th the Raynier sample r .  Nineteen o f  these have been in 

Operating Room 3 and 16 in Room 4 .  The light s have been off f ive t imes in 

RoOIIl 3 (5 of 19) and s ix times in Room 4 (6 of 16 ) . There have been no clinical 
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infections in any of these patients . Please note that the study was not done 

primarily to determine the rate of infection but rather to determine the CFG of 

bacteria near the wound during the operative procedure .  The pattern of the 

operative pr�cedure has been the same in each ins tance . However , the operative 

s teps have been divided into 1 )  incision and exposure , 2 )  removal of femoral 

head , 3)  preparing and reaming of the acetabulum,  4 )  mixing cement and place

ment of the acetabular component , 5 )  preparation o f  femoral shaf t and trial re

duction , 6) mixing and placement o f  cement and final reduction , and 1 )  wound 

closure . 

Until the total number of cases wi th lights on and off are monitored , 

the comparison of the data will not be completed . The Chi Square Test will be . 

done and other comparisons will be made . 

Meanwhile , certain observations based on the data accumulated are 

emphasized : 

1 .  Thirty-six patients in Rooms 3 and 4 have had total-hip arthro

plasty . Personnel has varied from case to case , but the operating rooms have 

been the same and the operation has been o f  the same kind , although the natural 

and expected variations have occurred . The length o f  the procedure has varied 

f rom 56 minutes to four hours depending on the problems encountered . 

2 .  The number of colony-forming groups collected on the Agar plates 

has increased with the numbe� of people in the room , the amount of movement 

and mot ion around the inc is ion , and by the number of persons entering the 

room . The air cond itioning sys tem itse l f , with 35 air changes per hour , . was 
sufficient .  to maintain a low number of colony-forming groups measured as 
CFG/f t3/min, if there was minimal activity in the room.  

3 .  Table 2 shows the .percent of isolates recovered for all total
hip procedures (Room 3 ,  19 operat ions ; Room 4 , 16 operat ions , UV l ights off  

1 1  operations , UV l ights on 24  operations ) .  The number of  organisms recovered 

with the l ights off  is a lmos t as great as the numbers recovered with the l ights 

on even though only ha lf  as  many operat ions were done with the l ights off . 
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Table 2 .  Percent of Isolates Recovered 
for a l l  Total-Hip Procedures 

Al l  Op . Rm .  3 Rm .  4 UV On 
7 04 9  2854 4 195 38 7 6  

8 . 25 5 . 83 9 . 86 9 . 67 

24 . 8 1 3 7 . 49 16 . 18 1 1 . 35 

33 . 4 6  22 . 84  40 . 69 40 . 94 

1 9 . 53 22 . 10 17 . 78 22 . 7 2 

13 . 33 1 1 . 66 14 . 4 6  14 . 88 

0 . 18 0 . 00 0 . 3 1  0 . 28 

0 . 0 1 0 .00 0 . 02 0 . 03 

0 . 3 9 0 . 00 0 . 67 0 . 10 

UV Off  
3 173 

6 . 52 

4 1 . 25 

24 . 33 

15 . 63 

1 1 . 44  

0 . 06 

0 . 00 

0 .  75  

N o  S taphylococcus aureus organism was recdvered f rom Room 4 .  The difference 
tween UV lights on and UV l ights off is s ix t imes greater with the l ights off .  

Review o f  the f igures o f  a l l  3 5  cases shows that the number o f  colony- forming 
groups of a l l  kinds shows a pattern of cons iderab ly h igher numbers in ind ividua l 
ins tances with the l ights off , as compared with the genera l pattern of lower num
bers of colony- forming groups with the l ights on . 

These f igures ref lec t 1 1  operations with the ultraviolet l ights off ; 24 opera 
t ions with the ultraviolet lights on . Note that the number of organisms re
covered in the rooms with the UV l ights off is approaching that with the UV 
l ights on yet over twice as many operat ions were done with the l ights on as with 
the lights off • 

• 

In the entire 35 patients monitored , there were three instances in 

which Staphylococcus aureus coasulase (+) organisms were recovered by means of 

volumetric sampling . All oc curred in Room 3 ,  where the intensity readings are 

adequate but where the tests shown in Tab le #1 indicate that wi thin the f irst · 

f ive minutes of exposure of  staphylococci on the agar plate , the reduction was 

65 percent of the colonies , as compared with 83 percent in Room 4 .  This may 

have some bearing on the recovery of this organism in Room 3 only . 
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Case #1 in Room 3 , wi th the UV lights of f during total-hip arthroplasty ,  

had a total number o f  190 CFG recovered o f  which 1 9  were Staphylococcus aureus 

coagulase J±L. Twelve of 19  CFG were recovered during preparation and insertion 

of the glue in the acetabulum, and seven were recovered during exposure prior to 
removal of the femoral head . Wound cultures for closure showed no growth , and a 

settle plate on the back table showed four CFG of diphtheroids and f ive CFG of 

Staphylococcus epidermidis .  The patient  was on the operating table a total of 

56 minutes and the average bacterial count was 0 . 16 CFG/f t 3/min ( four set tle 

plates , not volumetric sampling) . 

Case #2 , with ultraviolet lights off , showed five of 722 CFG recovered 
to be Staphylococcus aureus coagulase J±L. Comparatively speaking , this was the 
highest total count of any of the 35 patients monitored . One Staphylococcus 
aureus of five was recovered during s tep 4 ,  which was preparation and insertion 
of the methacrylate in the acetabulum, and four Staphylococcus aureus colony
forming groups of five were recovered during the wound closure . Wound culture 
after irrigation and before closure showed no growth.  The set tle plate on the 
back table showed 12 CFG diphtheroids , 14 CFG micrococcus sp . , three CFG S taph
ylococcus aureus coagulase J±L. Total time on the operating table for the 
patient was 95 minutes , and the average CFG was 0 . 30  CFG/f t3 /min ( four settle 
plates , not volumetric sampling) . 

Case #3 in Room 3 ,  with the UV lights �' showed Staphylococcus aureus 
coagulase J±L, and the total number of organisms recovered was four of 80 . 

Three Staphylococcus aureus coagulase J±L of four were recovered during step 4 

(preparation and insertion o f  the methacrylate in the acetabulum) and one of 

fou� Staphylococcus aureus CFG during step 6 ( final reduction) . Wound culture 

after irrigation and before closure was negative and the settle plate showed no 

growth . Certain t rends are implied  as the data from these three patients were 

reviewed . 

As in the determination of  variations in volumetric air sampling in 

o ther operating rooms in this same suite , sampling was done throughout the entire 

procedure for a single bypass  coronary artery graft . The total number of organ- 4i 
isms recovered was 1 , 020 .  The specif ic details concerning organisms and per

centages of the total are noted in Table 2 .  The total time of the operative 
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procedure was two hours and 4 9  minutes . The total number of  door openings 

allowing entrance of an individual into the room was approximately 64 . The 

patient was on the pump for about one hour and considerably more individuals 

were in the room than are present during a total-hip arthroplas ty . 

TECHNICAL DETAILS CONCERNING ULTRAVIOLET LIGHT 

The ultraviolet light tubes are cool , 30 inches (75  em) long and contain 

Argon , Neon and Mercury.  OVer 80 percent of the output of such tubes is at 

2 , 5 37 angstrom units . Equipping an operating room with ultraviolet lights  re

quires consideration of the following items (Appendix A) : 

1 .  ultraviolet light f ixtures (brackets for lights ) ; 

2 .  s terile lamps for fixtures (30 W) ; 

3 .  variac control switch with two per room , since the top lights 
and the side lights are controlled separately ; 

4 .  ultraviolet light monitors which should b e  available for daily 
use by nursing personnel ; 

5 .  wiring and ins tallation ; 

6 .  portable ult raviole t lights for room or floor sterilization 
after dirty case ; 

7 .  plas tic glasses wi th side covers ; 

8 .  hoods for total head , neck and face cover ; 

9 .  green plastic visors ; 

10 .  modification of eye cover in the form of protect ive goggles 
that take the place of plastic glasses and the 
green eyeshades ; 

11 .  Figure 1 shows the placement of s ide lights and overhead lights . 
A high ceiling in the operating room provides more 
e fficient use of the lights without excessive exposure 
of the surgeon ' s head . If the ceiling is low ,  then the 
light source mus t be the sidelights and indirect ceiling 
lights or sidelights only . When sidelights only are 
used , it is mandatory that glasses with side protectors 
be used by everyone in the room , and that the patient ' s 
skin be covered with anti-bum cream,  or with plastic  
or  cloth covering . 
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DISTRI BUTION OF WALL AND CE ILING MOUNTED UN ITS 
8 9 10 

c: - - · ·  

4 

I I  

1 6  

3 -==--

1 5  

I I  
2 

. .  ___. 
· 4  

I I  

12  

1 3  

Fig . 1 .  Dis tribution of  wall- and ceiling-mounted 
ultraviolet bulbs . The lights mounted on the walls 
are covered by brackets that prevent direct  observa
tion of the bulb by the eyes of the personnel in the 
room. The overhead lights should have a direct ac
cess to the wound and not be blocked by intervening 
obj ects . Intensity of the overhead light is inversely 
proportional to the square of  the distance . This 
arrangement is utilized by all rooms wi th a high 
overhead ceiling . I f  the ceiling is only 10-12 feet , 
then the sidelights alone are used . 
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The ultraviolet light o ffers the following advantages : 

1 .  high output in the bactericidal range of the spectrum and low 
output in the erythemic range ; 

2 .  negligible production of ozone , which is rarely detectable by 
odor even wi th as many as 16  tubes in the operating 
room ; 

3 .  negligible p roduction o f  heat ; 
4 .  low cos t of the irradiation unit ,  which i s  made of  high t rans

mission glass instead of quartz and averages about 
$1 , 500 per room, including equipment and installation ; 

5 .  low operating cos t .  

The estimated life o f  the tube is between 4 , 000 and 5 , 000 hours , and 

from 1 0-16 tubes can be operated with as lit tle current as is requir ed to light 

a 150 W electric bulb . 

t An average-size operating room at Duke is equipped with four overhead 

I 

brackets with two bulbs in each bracket , and eight sidelights wi th two on each 

wal� ,  or a total of 16 bulbs in e ach room . This has been the usual number of 

lights used for the pas t  35 years wi thout harm to personnel . 

Intens ity  of irrad iat ion var ies approx ima te ly inverse ly as the 

square of the d is tance from the s ource of  rad i a t i on and may be c ompensated by 

var iat ions in the output of t he un i t . Room temperature and humid ity  a f fec t 

the output . Figure 2 (28 ) shows that the effectiveness of ultraviolet light drops 

perc ip itous l y  as the humid ity  reac hes 60 percent . A humid ity ga uge should be 

ava i lable  in each operat ing room ,  and when the humid ity  approaches 55 percent , the 
engineer shou ld be as ked to reduce  it . A des ira b le leve l is from 40-50  per -

cent . Th is increases the e f f ic ienc y of  the a ir c ond i t ioning , and a ls o  assures 

fu l l  s trength of the u l travio le t  l ight . The dangers though t to be a s s oc iated 

with the low humid ity are overc ome now by the t ypes of inha lat ion anes the t ics 

be ing ut i l ized . 

The intens ity of the u l traviol e t  l ight in the Duke operat ing rooms 

is s u f f ic ient to k i l l  bac ter ia on the floor , and on ob j ec ts a t  leve ls c lose to 

the f loor . The intens ity is gauged to be safe for expos ure of the s urgeon who 

may be s tand ing anywhere from five to seven fee t from the f loor . 
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Fig . 2 . Graph (f rom material by Lowell et  al . ) con
cerning the effec t of re lat ive humid ity on bac t e r ia l 
power of ultraviole t  l ight . Note that at 60 percent 
re lat ive humid ity there is a prec ipitous drop in the 
e ff ic iency of the intens ity of UV l ight . 
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Fungi and bacteria will be killed within three minutes at the five 

foot distance . Aspergillus , a non-pathogen which grows in the sunsh� and 

produces a large p igment , was the most resistant . It survived an exposure 

o f  20 minutes to one hour . 

The recent studies in the Duke operat ing rooms , demonstrated by 

Table 1 ,  show that within 15 minutes the Staphylococcus aureus coagulase (+) 
is eradicated from the exposed areas in the operat ing room .  

Cold air blowing on the ult raviolet bulbs will also diminish the 

effe ct iveness of the ult raviolet ray . Daily recordings of room temperature , 

humidity , and intensity o f  the ult raviolet l ight s are desirable.  The rheostat 

that cont rols the intensity should be available to select operat ing room per

sonnel , who should be instructed ' in  monitoring the intensity of the ultraviolet 

light in each room daily . 

The use o f  ultraviolet light in operating rooms at n ight , when there 

is no traffic and no act ivit y ,  is helpful , but after 20- 30 minutes , there are 

probably no viable bacteria in the room. Furthermore , with no convect ion cur

rent s and with no individuals in the room , the likelihood o f  further contamina

t ion is minimal . 

The use of ultraviolet light between operat ing cases is not essent ial , 

although from a condit ioned reflex standpoint it may be des irable . Occasionally , 

the light s are turned off  while the room is being cleaned , and they are not 

t urned on at the proper t ime for the next case . If the ultraviolet light s are 

off between operat ions and personnel are in the operat ing room without masks , 

the environment becomes cont aminat ed . Talkin g ,  air current s ,  the moving o f  
• 

l inens and o ther obj ect s , all increase the bacterial count . However ,  once the 

l ight s  are turned on and 15  minut es have elapsed , the bacteric idal ef fect on 

the exposed organisms in the room and on open surfaces is  sufficient to main

tain the bacterial contaminat ion at a very low to zero level . 

The policy in the orthopaedic operat ing rooms at Duke is  to keep the 

It ult raviolet l ights on cont inuously . The constant flow of  traffic from the hall

way to the operat ing room the conversat ions among personnel within the operat ing 
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room ,  and the frequent visits by the anesthesiologists and the operating room 

nurses , all provide airborne bacteria that should be eliminated . With the UV 
lights on and the air condit ioning functioning , the environment is sanitized 
{Fig . 3) . 

In a room with unid irec tiona l airflow a lax period be tween cases 

may not produce a high bac ter ia l count , because rapid turnover of air cont inues 

cons tant ly . However , with the room air changing 36 times per hour , as it 

does in the Duke operat ing rooms , the air is c leansed reasonab ly we l l  a fter 

several  minutes have e lapsed . Bac ter ia that  do ar ise from the areas of shedding ,  

or  from the respiratory trac t of personne l in  the room, or from other s ources , 

may sett le out on ins truments , pros theses , sponges , drapes , or into the wound , 

and the f low of a ir and frequent changes may be inadequa te to e l iminate bac 

ter ia from these locat ions . Ultraviolet l ight wi l l  affec t sett led sur face 

bac ter ia , j us t  as has been demons trated on the settle p lates . Fur thermore , 

ant ibiotics irr igated into the wound cons tant ly dur ing an operative procedure 

may be somewhat e ffec tive in decreas ing the number of l ive bac ter ia . S ystemic 

ant ibiotics mav a lso  affec t bac ter ia that survive , provided that  the proper 

antibiotic has been used , that the concentration is high enough , and that it is 

administered at the prope r time . Ultraviolet ligh t , however , is bactericidal on 

airborne part icles . It does affe ct bacteria within the wound that are exposed 

to the UV rays , and it will  kill the b acteria that appear suddenly from personnel 

entering the room, or from those in the room who might be shedding . 

Also , the pathologic shedder or carr ier is rea l ly the target of a l l  

our effor ts , whether this b e  done with a ir cond it ioning and high effic iency  

f i l ters , unid irec tiona l air f low ,  ant ibiot ics , or u ltravio le t l ight . Gryska 

and O ' Dea ( 12 )  emphas ized tha t  even with prophy lac tic ant ibiot ics , the s trep

tococc i carr ied in an anes thes io logis t ' s  rectum may cause a severe epidemic . 

The so lut ion to that epidemic showed that the organism was recovered from the 

anes thes io logis t ,  from the sett le p late with in the room , and from the wound , 

ind icat ing that the bac ter ia was pr imar i ly airborne . 

The points tha t  have been ment ioned emphas ize the importance of 

correc t ly pos itioning ultraviolet l igh t in the opera ting room so that i t  is 

ab le to reach cr i t ica l  areas . The overhead UV l ights shou ld not be obs truc ted 
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by solid ceiling fixtures that interfere with passage of the rays to the wound , 

to the instrument tables and co the personnel in the room (Fig . 4) . 

Bacteria occurring in the air sett le on instrument s ,  sponges , pros

theses , and other art icles used during the operative pro cedure . Such obj ect s  

require more than unidirect ional airflow for decontaminat ion (Figs . 5-A through 

5-D) . 

Fig.  3 .  Photograph taken during an operative case with UV light s 
on and with personnel wea2ing usual head and body coverage . With 
the intensity o f  1 7  MW/cm / sec , the c irculat ing nurse wi21 not re
ceive erythema of the arms . At an int ensity of 25 MW/ cm / sec , the 
arms will become erythematous after an exposure for an hour . 
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Fig . 4 .  Vert ical intensity pat tern of  ultraviolet ray outp ut ( 2537  
AU) ; diagram of the in tens ity o f  bacteri cidal ul traviolet light 
measured around the central verti cal axis of the Duke-Hart UV light 
irradiat or .  These intensities were measured with a calib rated UV 
photometer .  Uni ts are in microwatts of  ul traviole t light pe r square 
centimeter of area at the distances indi cated .  25 MW/cm2 is adequate 
for very swif t  bacterial kill . This represents a f loo r source used 
for s teril izing rooms that have been contaminated by known infect ion 
or f or s terilizing rooms that have been occup ied by patients who are 
known to carry pathogenic bacteria.  The same principle i s  applied to 
the operating room floo ded by overhead ultraviolet light or sidewall 
sour ces . 

10 
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Fig . 5-A.  Orthopaedic Operating Room 4 with the conventional 
l ights off  and the u l travio le t l ights on . Note the UV l ight 
mounted above eye leve l with a protec tive shie ld . There are three 
l ights on each wal l  of the room and e ight l ights in the overhead 
we l l . Intens i ty of the UV l ight is inverse ly propor tiona l to the 
square of the dis tance . Thus , the l igh ts at the top of the we l l  
provide adequate intens ity for bac ter ic ida l e ffec t at  the leve l of 
the open sur face of the operat ing tab le . The operat ing room ad j us t 
able , movab le lights mus t b e  p laced in  such a way that they do  not 
obs truc t  the UV l ight rays from the overhead we l l . In spi te of 
these  obs tac les ,  however , the intens ity in the room is adequate . 
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Fig . 5-B . Photograph taken from the top of the operating table  
showing the central d isc which provides the f low of incoming air in 
a vert ical  d irec tion .  The e ight ultraviole t l ights , unshielded ,  shine 
d irec t ly into the room . Minor obs truc tions occur from the overhead 
spot l ights which are not vis ible in this p ic ture . The presence of 
the we l l  enhances the intens ity in that  the l ights can be placed 
far enough away from the opera t ing tab le to avoid excess ive expo-
sure of the pers onne l s tanding next to the operat ing tab le . I f  a 
we l l  is not present , then ind irec t lights or s ide l ights only are 
used . 
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Fig . 5-C .  Orthopaedic Ope rating Room 3 where an overhead wel l was 
not present . In order to avoid excessive intensity from overhead 
ligh ts , the ceiling pans were added and the UV lights are ins talled 
within the pans . The light s are directed to the ceiling which is 
cove red wi th aluminum paint and the reflected light then enters the 
room . Note that there are three sidelights on each s idewall . A 
total of 20 light s are in the room . In this s ituation , the overhead 
operating light does not obs truct the maj or dif fusion of indirect 
uv light . 
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Fig .  5-D . The s ame room with ult raviolet lights turned off and 
c onvent iona l l ights turned on . Note the air inf low d isc in the 
ce i l ing above the wa l l  c loc k .  The upr igh t Duke -Har t UV l igh ts are 
used to dec ontaminate the f loor , the s idewa l ls , the air and the 
ent ire room after a known contamina ted wound is treated . The in
tens i ty of the upr igh t l igh ts is about 100 MW/ cm2 fmin at a dis
tance of about nine fee t .  At a d�s tance of 20 feet , these l ights 
are s t i l l  effec t ive in ki l l ing bac ter ia in the a ir and on exposed 
sur faces . 
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COOPERATIVE STUDY OF ULTRAVIOLET LIGHT IN OPERATING ROOMS , S PONSORED BY THE 
COMMITrEE ON TRAUMA OF THE NATIONAL RESEARCH COUNC IL - 1959 

The s tudy out l ined by the Nat iona l Researc h Counc i l  (NRC) was to be a 

control led one where several centers in the country were se lec ted , and ultra

v i o le t l ights were p laced in se lected operat ing rooms . Func t ioning l ights 

wer e  used in one r oom in the hospital and sham l ights were used in another . 

The prob lems re lated to tes t ing the intens ity of ultravio le t  l igh t 

wer e present a t  tha t  t ime and were not moni tored c lose ly in each loc a t i on . 

J us t how we l l  the intens ity readings were maintained and how cons tant the hu

mid i t y  and temperature fac tors  were ma intained is not known . Certa inly ,  as 

much d i f f iculty  in determining intens ity was encountered then as now . Moni

tor ing is re lat ive ly s imp le and s hou ld be the respons ibi l ity of supervisors 

who unders tand the purpose of the l ights and the way they func t ion . The bulbs 

s hou ld be c lean , intens ity should be logged , and the temperature and humid ity 

should be recorded . 

In sp ite of the variat ions in ce i l ing he ight in cer ta in opera t ing 

r ooms at Duke , the intens ity of the ultraviole t  l ights is s t i l l  adequate to 

carry out the ass igned tas k . 

Because Duke has 23 years of exper ience with ultr avio le t irrad iat ion , 

and s ince we were convinced of its value for c lean operat ions , we d id not par

t ic ipate in the NRC s tudy because ha lf of the pat ients undergoing c lean opera

t ions at Duke would have been operated upon without ligh ts , and we fe lt that 

we had proven to ourse lves that the r is k  of infec t ion was greater for that 

group . In those hospi ta ls around the c ountr y se lec ted for the s tudy that had 

depended on air cond i t ioning and other means of prevent ing operating r oom in

fec t ion , sham lights or regular ligh ts did not affect their usual and cus

tomary routine . 

Duke , however , d id have an oppor tunity to present a para l le l s tudy . 

without random se lec tion but with good c ontrol  at  the Ve terans Adminis trat ion (VA) 

Hospital  assoc iated with Duke Univers ity in Durham , Nor th Carol ina . This hos 

pi tal was not equipped with ultraviolet  l ights when or igina l ly bui lt , but the 

house s taff , the senior staff and the techni ques employed in general we re 
the same as those used at Duke where the lights were in act ion .  
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The Veter ans Adminis t ration Hospital ope rating rooms did not have 

ultraviolet lights f rom 1958 through 1962 . The infection rate for re fined 

clean wounds was 1 . 7 percent , whereas the overall rate at Duke was 0 . 34 percent 

fo r 2 3 , 000 ref ined clean operations (a diffe rence of five times) . Emphasis 

should be placed on the following fact : 

Operat ing rooms that had reasonab ly good envi ronments , air condi-

t ioning with good airflow ,  and personnel who p racticed careful surgical te ch

niques , were associated with a relatively low in fection rate . (Under three 

percent has us ually been defined as a reasonable infection rate throughout the 

coun try . ) The three-percen t infection rate in refined clean cases , however ,  was 

considered to be excessively high when compared wi th the VA Hospi tal infection 

rate when lights were not used . Furthermore , the re was no as s urance from day 

to day that bacter ia introduced into the operating room by a carrie r or shedder 

might not be respons ible for an epidemic o f  infection . The VA Hospital in fection
� 

rate for drained clean wounds was three t imes higher than the Duke rate ; and the .. 

rate for cont aminated wounds was two t imes as high as those t reated at Duke with 

ultraviolet irradiation in the room. Therefore ,  the latter two categories are 

eliminated from comparison and only ref ined clean operations should be considered . 

At the present time , with the wound hemovac be ing used on p racti cal ly al l large 

ope rat ive cases , another factor has been added that makes ref ined clean cases 

more diff icult to define becaus e of this special kind of  drainage . The chance 

of infection o ccurring is greater be cause o f  the hemovac tube whi ch leaves a 

persis tent opening in the skin for a few days , but the likelihood of infect ion 

diminishes because of decrease in the s ize of the hemat oma. 

A retrospective s t udy at Duke f rom 1941 to 1945 showed an unexplained 

in fection rate of 0 . 34 percent in refined clean cases . Pr ior s t udies by Hart 

and his as sociates had shown that comparative groups of patients operated upon 

with and wi thout ul traviolet light in the room showed no t iceable dif ferences in 

the percentage o f  positive cultures ob tained from postoperative drainage of the 

wounds . When ultraviole t light was not used ,  the occur rence of  a pos itive 

cul ture from the wound drainage was eigh t  times more prevalent than when 
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ul traviolet light had been used . Also , the amount of pos toperat ive temperature 

e leva tion , and the durat ion of the e levation ,  was s ignif icantly less  in those 

pat ients operated upon under ultraviolet l igh t than those who were not . 

The NRC c ooperat ive study inc luded al l three categories of wounds that 

have a lready been defined : 1 )  de fined c lean cases ; 2 )  drained � wounds ; 

3 )  contaminated wounds . I f  these three categories are not separated clearly and 

s tatis t ics  de termined on the bas is of  ind ividua l  groups , then the overa l l  s ta

t is t ics wi l l  not be val id , and the conc lus ion wi l l  be we ighted les s  in favor 

of  u ltravio let l ight . UV l igh t wi l l not decontaminate a contaminated wound . 

NATIONAL RESEARCH COUNC IL STUDY ANALYS IS 

In the NRC s tudy ,  cer tain condit ions ,  such as pat ient popula tion , 

bac terial  carrier s tates , operat ive techniques or other unknowns , contr ibuted 

to the wide var iat ions , a l l  of wh ich cannot be de termined . Sugges t ions were 

made that sources of bac ter ia other than through the a ir borne route were res 

pons i b le for many infec t ions , and u l traviole t irrad iat ion cannot be  expec ted t o  

have demons trab le bene f its for these . 

Each hospita l that partic ipated in the NRC s tudy showed a reduc t ion 

in the contaminat ion rate when c ompar ing non- u l traviolet and u l traviolet l igh t 

environment . Examp les of  s ome of the reduc t ions are : 3 . 0  percent to 1 . 2  per

cent ; 4 . 8 to 2 . 7  percent ; 7 . 0  to 4 . 8 percent ; 1 1 . 7  to 8 . 6  percent and 8 . 8 to 

6 . 1 percent . These inc luded refined and other c lean , combined operat ions . 

The hospita ls with the lowest  infec tion r a te ini t ia l ly pr ior to the 

s tudy showed the greatest  impr ovement with u l traviole t  light which would indi cate 

that airborne infec t ion is s t i l l  the mos t impor tant cause of opera t ing infec 

tion in ref ined , c lean wounds . A lso , in cer tain hospita ls where the infect ion 

rate was low wi thout u l traviole t light , the number of pa t ients inc luded in the 

overa l l  s tudy mus t be extreme ly high to see a noticeab le variat ion in the f ina l 

s tat is t ics . A change from one percent to 0 . 5  percent would require a minimum 

of 200 pat ients . In order to avoid trends and spec ia l prob lems invo lved , the 

s tatis t ic s  should probab ly  be based on 1 , 000 pa t ients , a l l  of whom have had 

the same kind of  opera t ion ( tota l  hip , spina l fus ion ) , were operated on in the 
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same room , and were managed by the same personne l .  S tud ies should have an ade

quate and comp le te fol low-up by a trained individua l  ass igned to the projec t 
who has free access to a l l  data at a l l  t imes . 

The NCR s tudy and the Duke s tudy agreed on the fol lowing :  

1 .  The air in occupied opera ting rooms without ul traviole t  irrad ia 

t ion is contamina ted with bac ter ia of  varying degrees of pathogenic i ty ,  par 

ticular ly s taphylococc i ,  wh ich precipitate continuously on all exposed surfaces . 
2 . Direc t ultravio let  irrad iat ion has a h igh ly e f f ic ient bac ter i 

c ida l e ffec t which ki l ls a lmos t a l l  types o f  organisms and wi l l  marked ly reduc e  

any airborne bac ter ia l contaminat ion i n  the opera t ing room . (U l travio let light 

kills all bacteria , fungi , including Anthrax. ) 

3 . With suitab le protec t ion ,  d irec t ultraviole t irrad iation is safe 

for operating room personne l and pat ients . 

4 .  With direc t u l travio le t irradiat ion in the operat ing room of 

suitab le intens i ty ,  there is s ignificant reduc t ion in the number of pos topera

t ive wound infec tions fo l lowing ref ined c lean operat ions . 

The ar t ic le ( 3 1 )  written in Augus t ,  1964 , concerning the NRC s tudy 

cons is ted of 192 pages . The only par t of the de ta i led s tudy tha t has been 

read by mos t surgeons is the summary . I t  presented in three sentences the NRC 

cooperat ive s tudy conc lus ions regarding the va lue of u l traviole t irrad iation .  

These are contrary to some results g iven in the body o f  the repor t , and are 

worded in such a way as to d isparage the va lue and d iscourage the use of u ltra

violet  irradiation . Har t and h is co l leagues ind icated that they be l ieve the 

conc luding summary deserved fur ther comment "The only ca tegory of wounds that 

benef i ts s ignificant ly from the use of ultravio le t irrad iat ion was the refined 

c lean group in which the average pos toperat ive infec t ion rate was reduced from 

3 . 8 percent to 2 . 9  percent"  ( 23 ) . An average drop of on ly 0 . 9  percent in the 

infec tion rate may not impress the casua l reader , but it  r epresents an average 

improvement of 24 percent for the f ive hospita ls wi th the range of improvement 

as h igh as 44 percent obtained by one of the coopera t ing hospi ta ls . Another 

way of interpret ing this wou ld mean that  there was one less  infec tion for every 

100 pat ients operated upon. This is a significant reduction in the infection 

4 
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and morb idity rate , and a great economic s aving (23) . The NRC cooperat ive s tudy 

found this decrease in infections fo llowing refined clean operations to be 

s tatis tically s ignificant .  The body of the report s tates : "On the basis of 

the observed infect ion rate in irr adiated refined clean wounds , it may be con

cluded that about 30 of the patients would not have had wound infections if 

ultravio let irradiation had been used for al l of these refined clean cases " (31) . 

EFFICACY OF ULTRAVIOLET LIGHT IN THE OPERATING ROOM 

If the reader is wi lling to accep t a fair interpre tation of  the NRC 

study as i t  referred to refined , clean cases , then the use of u ltravio let light 

in the operating room is the simples t , most economic , least involved me thod of 

ob taining a relatively clean environment .  Har t s tated : 

"The dis tribut ion in radion energy of the u ltraviole t ir

radiation employed in the operating rooms of Duke Hospital is 

such that it kil ls virtually all exposed bacteria that ordinari ly 

precipitate onto the s terile f ield or ins trumen ts from whatever 

sour ce , be it exhaled breath o r  floating lint . The viab le bacteria 

count in the air of these irradiated rooms at almost any point at 

the level o f  the ope rating table and above , averages per year less 

than one colony pe r cubic foot of air as compared to a yield of 

30 to 50 co lonies per cubic foot in the same occupied rooms wi th

out i rradiation" (22) . 

Dr . Hart ' s  quo�ation re fers to studies done prior t o  installat ion of 

new air condit ioning units that resul ted in change of air an average of 36 times 

per hour . High efficiency filters were also added . The mos t  recent volumetric 

samplings with and without the ultravio let lights revealed that the number of 

colonies per cubic  foot without i rradiation and wi th the modi f i cations in air

flow and air conditioning are cons ider ab ly less  than those that were p resent 

in the non-radiated rooms when the s tudies were done many years ago . The re

sul ts of the volumetri c  air sampling with and without ul tr aviolet irradiat ion 

during to tal-hip arthroplas ties wil l  be comple ted by June o f  19 75 . At that time 

the exact figures as they relate to the many variables mentioned will  be avai lable . 
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OTHER REASONS FOR WOUND INFECTION 

As we reviewed the present dat a concerning wound in fection and the 

e fforts direc ted toward reducing ai r con tamination as well as endogenous sources 

of infect ion , we concluded that there may be an irreducible minimum . Hart 

s tated : 

" The elimination o f  the air as a vector for pathogenic 

organisms and the p rovision o f  more cont inuously steri le op

erating environment al surfaces through di rect  b acteri cidal 

irradiat ion does no t p rove , by any means , that al l unexplained 

infe ctions af ter clean operations originate from these sources 

of  contamination .  Because of inability to p rove the exac t sour ce 

and mode of infec tion af ter clean ope rat ions , the arguments by 

surgeons for and against the var ious possible sour ces and causes 

will obviously cont inue for some time to come . Some will fee l  

that mos t  pos toperative infections i n  clean wounds originate 

f rom viable organisms le f t  on or washed up from the pores of the 

patient ' s  skin ; o thers wi ll be sure that they mainly follow 

breaks in s terile techni c such as punct ured rubber g loves , or 

that they are endogenous from some o ther infe cted s ite  wi thin 

the patient . Cert ainly , all of these sources and othe rs could 

be ment ioned and they undoub tedly do cont ribute many infections . 

However , based on our resul ts from 30 years ' experien ce operating 

under dire c t  u l traviolet irradiation , we feel that 

1 .  most unexp lained pos top erative in fect ions , wh ich o ccur 

af te r clean operations , have their origin in the operating room 

while the wound is open ; 

2 .  some of the prin cipal sources of the of fending bacteria 

are the mouths , throats , and noses of the operating room occu

pants ; and 

t 

3 .  the organisms from these sour ces , al ong with those on � 
l int and othe r  floating part icles , reach the s terile f ield , the 
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inst ruments and the wound by way o f  cont inuous sedimentation 

through the air .  Our studies ind icate that ultraviolet ir

radiation will e ffect ively eliminate this  air route o r  spread 

of infec ted organisms , and prevent the ir continuous sediment ary 

b ui ld-up on all exposed surfaces during operations of any 

duration" (23) . 

Altemeie r ,  in a dis cussion of the use of UV light in the operating 

room ,  ment ioned the s tudy done at the ins titu tion in which he works and pointed 

out that the rooms wi th the UV lights on had an infect ion rate of  1 . 1 percent 

and those with the lights o ff ,  an infect ion rate of 0 . 3 percent with an average 

o f  0 .  7 percent (2) . This indeed is a low percent age and reemphas izes the fact 

that careful , atraumatic surgical technic ,  limited t raffic , and othe r f actors 

can be effective in diminishing the in fect ion rate ( 2 ) . However , the guarantee 

for any particular pat ient , or at any particular time , does no t exist unless 

s ome other e lement is constantly funct ioning . 

Alteme ier found that aspirated saline , which had pudd led in the 

wound ,  contained bac teria that were endogenous to the pat ient . His effor ts 

have been on masks , g loves , skin preparat ion , t issue hand ling and other technics 

ra ther than alteration of the bac teria in the air . Furthermore , A lteme ier ' s 

al lus ion was to a l l  kinds of operat ive proce�ures - - c lean and contaminated - 

while the emphas is at Duke in gather ing s tat is t ics has been on evaluat ion of 

ultravio let irradiation on ref ined c lean wounds . U ltraviolet light  cannot 

c lean a wound that is deep ly contaminated . Dunphy ( 6 )  has emphas ized that with 

paralle l exper imenta l wounds , one be ing contaminated by bac ter ia but tissues 

be ing hand led care fu l ly , and the other be ing uncontaminated and scrupulous ly 

c lean but traumatized , the latter showed a greater tendency to infec t ion than 

did the former . Alteme ier emphas ized the impor tance of tissue necros is and 

t issue trauma as it re lates to the occurrence of wound infection ( 2 ) . Thus , 

any particular inc idence of infec t ion mus t be ana lyzed with cons iderat ion of � 1)  endogenous bac teria from the pat ient ' s foc i ,  2 )  the operat ive procedure to 

be done , 3 )  the number of operat ions that have been done in this same anatomic 
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location in the same patient , 4) that patient ' s resistance , 5 )  medications 

being received by the patient that might affect resistance , 6 )  the amount of 

time taken to do the operation , 7)  the amount of t rauma involved in doing the 

operation, and 8) the use of prophylactic or actual antibiotics and their 

effect on part icular organisms (proof of effect iveness against all infections 

is s till  not available) . Various kinds of clean air ,  i . e . , vertical and hori

zontal !aminal airflow, have definitely been shown to reduce the infection 

rate in situations where the basic percentage of infect ion was extremely high , 

and the quoted rate in !aminal airflow (5)  is now at 2 . 0  to 0 . 5 percent or 

les s .  The lat ter figures , of more recent origin , compare favorably with the 

extremely low infection rate in the Duke orthopaedic operat ing rooms under an 

ultraviolet light environment during the past 37 years . 

Tables 3-A through 3 -C demons trate the air quality study data in 

Orthopaedic Operating Room 4 during total-hip arthroplasty with the lights off . 

They demonstrate the eff icacy of the air condit ioning system in this part icular t 
operating room suite and show the colony-forming groups col lected during 

various stages o f  the procedure . The s tages are des cribed within the content 

of the paper .  Table A demons trates the type of colony-forming groups re-

covered at the particular time and s tage of the operation . The two columns on 

the right give the results of  the Agar plate cultures in colony-forming groups 

per cubic foot per minute ( CFG/ ft3 /min) and the same numbers for magnification 

purposes in colony-forming groups per five cubic feet per five minutes {CFG/5 

ft
3

/ 5  min) .  The lat ter can be used for better  visualization of  a graph , but 

the actual numbers on the right are s ignif icant . Table B shows the number o f  

t imes the doors were opened and closed . This i s  more important if  there i s  an 

indication as to when an individual enters or  leaves the room .  Table C is a 

graph showing the number of colony-forming groups as it relates to st age of 

operation. 
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Table 3 -A. TYpe of CFG Recovered at the Particular Time and Stage 
of the Operation 

OPE R .  

O R  ROOHI 4 

DATE -......,.2-""'o"'B'""-..,.74,........--
UV LIGHTS O f f  
TYPE PBOC . To tal Hip - Ldt 

ICFG/5FI� tiCFG/FI 
PLATE I STEP . TINE RESULTS /5  MIN . ; /MIN . 

8 : 19 - l C FG Funsrus · 5 C FG Bac i l l us s�. : 
1 8 : 2 4  6 1 . 2  

I 8 : 24 - l CFG Funsrus · 2CFC. Ba c i l l us sn . :  lC:FG S . e p i d . 
I 8 : 2 9 3 C FG D ipht h e ro i d s  7 1 . 4 

� I 8 : 2 9- 2 C FC. B a c i l l us s o . : 3C FG Diph t h e ro i d s  
1 I 8 : 34 5 1 . 0 

I 8 : 34 - l C FG B a c i l l us sp . : l C FG S .  e p i d . I 
8 : 39 2 0 . 4  

� I 8 : 39 - 4 C FG Bac i l l us sp . :  lCFG S .  epid . :  
8 : 4 4  5 l . fl 

! 8 : 4 4 - �CFG Bac i l l us sp . : 2 C FG S .  ep id . : 
I 8 : 4 9  6 : 1 . 2  
I 8 : 5 0 - 4C� Bac illu s  s p . : 5CFC, S .  ep id . : 2CFG Diph theroi s I 8 : 5 5 ll  2 . 2 

4 1 8 : 5 5 -
UCFG Baci l l us sp . : lCFG S .  epid . : 

I 9 : 00 5 1 . 0 
1 'J :uu- lLHi IS a c l . U  U S  'l p . ;  l CHi ::; , e p l d . :  

2 I 9 : 0 5  3 0 . 6  

9 : 05- 2 C FG B a c i l l us sp . : lCFG S .  e p i d . 
9 : 10 3CFG Di�Jh ' ' 1e r o i d" 6 1 . 2  
'1 : 10 - 2CfG Bac i l l us s o . : l C FG C an d i da sp . :  

5 9 : 1 5  2CFG S ,  epid . : 2CFr. Tl i o h t h e ro id.s 7 1 . 4  
':1 a :> �  5 C F G  Bac i l lus s p . :  4CFG S .  e p i d . : 
9 : 20 q 1 . 8  

J 9 : 2 1 - lCFC Fun �us 
9 : 26 1 0 . 2 
9 : 2 6 - l C F G  Bac i l l u s  sp . : 
9 : 31 1 0 . 2  

J 'I : Jl - 4CFG Fungu s : JC FG B a c i l l u s  sp . :  lCFG S .  epid . 
3 9 : 36 8 1 . 6 

9 : 36 - l C FG Fun �us : l C FG D i o h t h e r o i d , 
9 : 4 1  2 IJ . 4  
9 : 4 1 - l C F G  Bac i l l u s  sp . : l C FG S . ep i d . ; l€FG 
9 : 4 6  lCFG Micrococcus sp . : 3 0 . 6  

9 : 4 6 - l CFG B a c i l l u s  s p . ;  I 
9 : 5 1  1 0 . 2  
9 : 5 2 - l C FG Bac i llus sp . ;  4CFG D i ph the ro ids I 
9 : 5 7 I 5 1 . 0  

9 : 5 7 - Z C FG Dl p h t h c ro 1 d s : JCFG ::; . ep 1d . : I 
0 : 0 2  ' 5 1 . 1)  
0 : 0 2 - JCFG Bacillus s p . : I 4 LO : 0 7  3 0 . 6 

0 : 0 7 - 3CFG Bac i l l u s  s o . . 
0 : 1 2  i 3 0 . 6  
0 : 1 2 - lCl"r. Bac i l l us sp . : l CFG S .  epid . :  I () · 15 2 / 3�in . 0 . 7  -

I 
TOTAL 1 1 3  11)6 1) . 9  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I n f o r m a l  P a p e r s  o f  a  W o r k s h o p  o n  C o n t r o l  o f  O p e r a t i n g  R o o m  A i r b o r n e  B a c t e r i a ,  N o v e m b e r  8 - 1 0 ,  1 9 7 4 ,  W a s h i n g t o n
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 0 1
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Table 3-A. Continued 

OPER. 

OR ROOM I 4 

DAlE 2 -08-74 
UV LIGHTS O f f  
TYPE PROC .To tal H i p  -Le f t  

ICFG/ 30Fr" !JCPG/PT. 
"'ATE# STEP TIME RESULTS / 30MIN I MIN 

1 

2 

3 

4 

I 
I 

2CFG Fun2us : 1 8CFr. Racil lus sp . SCFG S .  epid . 
1-3 8 : 19 - 6CFr. Diphtheroids 31 1 . 0  

8 :49 
1 CFG Candida sp . :  19CFG Bac illus sp . : 

3-5 8 :50- 14CFG S .  epid . : 7CFG D��hthe roids 41 1 . 4  
9 : 20 

6CFG Fungus : 6CFG Bacil lus sp . ;  2 CFG S .  epid . 
5-7 9 : 2 1- l lCFG Micrococcus sp . :  l CFG Diphtheroids 16 0 . 5  

9 : 51  
18CFG Bacillus sp . :  4CFG S .  e pid . 

7 9 :5 2 - lbCFG Diphtheroids 18/23Min .  0 . 8  
10 : 15 

-
� 

TOTAL 113 106 0 . 9  

Table 3-B .  Number of  Times the Doors were Opened and Closed · 

NUMBER. OF TIMES DOORS OPENED OR CLOSED 

OR. DOOR SCRUB ROOM DOOR INDUCTION ROOM DOOR 
24 2 2  1 5  

I 
I 
� 

.. 

! t 
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Table 3-C. Graph Showing the Number of CFG as it Relates to 
Stages of Operation 

.... .... N 
0 "" 0 "" 0 

8 : 19- 8 : 2 4  . I 8 : 24 - 8 : 29 I 
I 

8 : 29-' 8 : 34 i l 8 : 34 - 8 : 39 

8 : 39- 8 : 44 \ 
8 : 44- A : 49 

I 

I 
. " 8 : 50- 8 : 5 5  

8 : 5 5- 9 · ()1) ./
· 

9 : 00- 9 : 05 I . 
9 : 0 5 - 9 : 1() I 

I � 
9 : 10- 9 : 1 5  .

, � 9 : 15- 9 : 20 

9 : 21- 9 : 26 /" f 9 : �5- 9 : 31 
i 

1-f 9 : 31 - 9 : 36 "' ... 
/ . 

.... 
9 : 36- 9 : 4 1  \ 

X <I : 4 1 - 9 :46 i 
9 : 46- 9 : 5 1  � \ 9 : !i2 - 9 : 5 7  

! � 
9 : 5 7-10 :02  

l 10 : 0 2 -10 : 0 7  ! 
10 :07-10 : 12 l 
10 : 12-10 : 1 5  

I . 

�--------------------------�·� . 

N "" 

a � � �  
� � � § "':: IOl X � e  .... 
� , 
.. 0 N �  .... .... I .... 0 
� cr ..... � 

� .... , 
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SUMMARY 

In order to provide clean air and sanitized obj ects in the operating 

rooms at Duke Univers ity ,  Hart installed ultraviolet li ghts approximately 40 

years ago . This method of diminishing the concentration o f  airborne bacteria 

has allowed the Orthopaedic Service at Duke to report an infection rate on 
refined clean cases of less than one percent per year during a 37-year period .  

Ul traviolet irradiation o f  a specified intensity is  effective in killing patho

genic bacteria and fungi within 15 minutes of exposure .  Various methods o f  

doing air sampling and  bacteria fall-out concentrations have been utilized in 

order to determine the environmental condit ions in the Duke operating rooms . 

These studies show that ultraviolet irradiation will sanitize the air and ob

jects in the operating room. If the patients and the personnel in the operat

ing room are protected by appropriate skin covering and glasses , there is no 

harmful effect from the ultraviolet light . The tissues exposed in various 

kinds of  wounds are not affected adversely . Airborne bacteria are the mos t 

important causes of  wound infection , but other conditions such as self

contamination from urinary tract or abscessed teeth , contaminat ion of the 

operating site from adj acent are as such as the perineum, contamination of 

hematoma from adj acent skin caused by wound drainage or by openings in the skin , 

or involvement of the hematoma by bacteremia , all can account for wound in

fection .  Also , insufficient air turnover , and inadequate air circulation due 

to dirty air f ilters lead to excess sweating of individuals in the room .  These 

condit ions are not eliminated by ultraviole t light , nor by any othe r  type of 

external air flow. The authors reviewed the National Research Council Study 

and point  out that the evidence indicated that whenever ultraviolet l ight was 

used ,  the incidence of infection when refined clean cases were involved was 

diminished .  Experience with total-hip operations is parallel  to experience 

with all other ref ined clean orthopaedic cases with respect to the incidence 

of infection . S tatistics quoted by those using lamina! airflow compare 

favorably with those from ultraviolet environment .  

t 
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APPENDIX A 

EQUIPMENT NECESSARY FOR INSTALLING ULTRAVIOLET LIGHTS IN OPERATING ROOMS 
AND FOR PROTECTING PERSONNEL WORKING IN THOSE OPERATING ROOMS FROM THE 
ULTRAVIOLET LIGHT 

U l traviolet  fixtures (bracke ts for l ights } Mode l PF5 1 1  - At lant ic 
U l traviole t Ligh t Co . , purchased through Bidd le Purc-has ing , 10 Rivers ide P laza . 
Chicago , I l l . , 60606 (estimated cost $30 each} . 

S trato-Ray Co , . 6500 Wa lker S tree t ,  Minneapolis , Minn . ,  55426 : 
Manufac turers of S trato-Ray Air Sanit izer . Dis tr ibutors of Wes t inghouse 
S teri lamp Germic ida l U l travio le t Tubes . You may wr ite to th is company for 
information concerning UV l ight equipment ins ta l lation .  

Var iac Control Swi tches - Two for each opera t ing room (one for the 
top l ights and one for the s ide l ights - control led separate ly) . This regu
lator switch e s tablishes t he intens �ty of  the l ights . Order from General 
Radio Co . ,  Wes t Concord , Mass . ,  Box 872 , Bos ton , Mass . ,  02 103 . Reques t a W-5 
Var iac , catalog #3030- 5 1 10 (es timated cos t $ 2j each } . 

In addi t ion to this Var iac , a c ontro l  swi tch (cus tom enc losure } is f necessary for each spec ific room des ign . 

Monitor ing equipment - commerc ia l me ter - purchased from U ltraviole t  
Produc ts , San Gabr ie l ,  Ca l i f . ,  9 1 7 7 8 , Mode l  #J-225 , (es t imated cost  $ 125 } . 

More e f f ic ient moni tor and one that can be used by the nurses in the 
operating room is Germic ida l Photometer (IL 254 }  from Internationa l Lights , 
Newburyport ,  Mass . , 0 1950 , (est imated cos t  $ 600 } . 

S ter i le lamps for the f ixtures manufactured by West inghouse , cata log 
#WL 782-L30 , #SB- 30 , obtained from Mi l lpower Inc . , Box 299 , Char lotte , N . C . , 
(es.t imated cos t $ 15 each} . 

Portable ultraviolet lights are used at  Duke for additional decon
taminat ion of  the operating room following contaminated cases ; they are man
ufactured by Ward Laboratories , 72 7 Markham Avenue , Durham, N . C. , estimated 
cost of $800 each .  Also , a different size lamp fixture , one inch shorter than 
the lamps for the wall units , must be obtained from Millpower Co . 

Additiona l misce l laneous information concerns the protec t ive head 
coverings and g lasses for protec t ion of ind ividua ls working under the ultra
viole t lights . The hoods can be purchased from severa l d ifferent manufac turers 
inc luding Spartan Health Care in Spartanburg , S . C . , 2930 1 , #HOD409 , 50 per box , 
48 boxes per case at $ 3 7  per case or Amer ican Hospi ta l  Supp ly (check with your 
local  dea lers } convertors //438 1 (a lso American Hospi ta l  //4 7 325 -012 } , 100 per f 
case at $ 16 . 50 per case , 3 700 Atmore S t . , Char lot te , N . C . , 28205 . 
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The p rotect ive glasses are purchased f rom Watchemake t Opt ical Co . , 
In c . , Provid ence 3 ,  R. I . , Catalogue #CSSF-412 Tuck-A-Way Glasses , 1 per b ox 
at $3 . 25 each . The green visors are purchased from Krisloid Pl ast ics , Inc . , 
Corne r Eddy & Porter Streets , Providence , R. I . , 02 905 , #LBX Shades , green , 
12 pe r box at $55 per gross . 
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TWO CONSIDERATIONS IN THE APPLICATION OF LAMINAR CLEAN AIR 

Edward 0. Goodrich , Jr . *  

In considering possible surgical applications of  ultra-refined air 

systems , I would like to  emphasize two frequently overlooked point s . These 

considerations arose during early attempt s  to apply "laminar clean" air tech

niques to the general surgical environment . 

We were given a four-foot by four-foot vertically adj ustable cross 

flow High Efficiency Particulate Air (HEPA) filter unit capable of proj ect ing 

clean air uniformly from the filter face at a linear rate of 100 feet per min
ute or one mile per hour (1600 cfm) (Fig . 1 ) . When running in an empty room, 

a standing pyramid of  clean air (as measured by near zero counts on all chan

nels of a Royco model 200B particle counter from 0 . 3� to 10� , sampling 300 cc  
of  air per minute)  proj ected outward from the lip of  the unit to  a distance of  
approximately four feet at  the apex . This clean zone was surrounded by a stand

ing outward radiat ing zone of turbulent mixed clean and ordinary room air . The 

standing mixed zone contained much cleaner air than the surrounding room. How- t 
ever , when the unit had been operating in the room for an hour or more , the en

t ire room became cleaner because the room volume was only 2800 cubic feet with 

12 changes per hour , so that a volume of air equal to the total room volume was 

being completely cleared of measurable particles every two and three-eighths 

minutes ,  and by dilut ion and turbulent mixing alone , a five-fold decrease from 

10 , 000 to  2 , 000 part icles was observed in the ambient room air . 

Measuring particle counts at the wound when it was possible to posi

t ion and drape the patient so that the wound could be approached from �he side , 

and the part to be operated upon could be placed well within the clean pyramid , 

such as for a hand or foot procedure , it was possible to operate without regis

tering any particles .  However , in the ordinary laparotomy configurat ion , with 

the unit at the foot of the table blowing towards the head , counts averaging 

500/ 300 cc were obtained (Fig . 2 ) . 

*Santa Fe , New Mexico . (Chairman , Subcommittee on Air Environment , lr Committee on Operat ing Room environment , American College of Surgeons ) . � 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


153  

Edward 0. Goodrich , Jr . 

Fig . 1 .  · HEPA filter unit . 

Fig . 2 .  Configuration of HEPA filter unit at foot 
of table , blowing towards the head . 
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In attempting to contain and direct the clean air towards the 

abdomen , first bottom ,  then side drapes were added (Fig . 3) . This lowered the 

counts to the 100/ 300 cc range , but we were still unable to transfer filter 

face conditions to the sensitive area , and we could not understand why . Only 

after extensive smoke testing , did we realize that the channeled column of  air , 

which was otherwise maintaining piston characterist ics , gradually lifted up

ward from the bottom sheet as it proceeded away from the f ilter face , causing 

room air to be aspirated in a reverse flow from the head of the table , for a 

distance of  three feet in a layer approximately one inch thick right over the 

bottom drape and the wound . 

To control this aspiration , we added a plast ic cover to the side 

drapes (Fig . 4 ) and then were able to  obtain counts in the 0 - 10 / 300 cc range 

j ust upstream from the wound (Fig . 5 ) . Downstream counts were less reliable , 

s ince we would occasionally and inadvertently misplace a gauze sponge , or a 

starch-bearing gloved hand , adj acent to or over the sampling tube . When not 

so distorted , the downwind counts were usually in the 10 or less range . In 

all these configurat ions , the nurse and the instrument stand were positioned 

: ... � ro.w.·� '"' 
�·.� ,J:. ���� ��: 

IZ· 
I 't't 

Fig . 3 .  Unit with bottom and side drapes added . 

f 
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Fig . 4 .  Unit with plast ic cover added to side drapes .  

Fig . 5 .  Obtaining count upstream from wound . 
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downwind from the wound , and the stand was draped to create the least possible 

resistance to , and disturbance of , the airflow .  Air passage above and below 

the horizontal portion of the draped Mayo stand was also demonstrated by s�ke 

test s .  Using these draping modifications , we were able rout inely to perform 

two- and three-hour abdominal procedures with total particle counts below 10 
per 300 cc of air , measuring all particles from 0 . 3� to 10� in diameter . 

Since the natural distribution of particles is heavily weighted 

toward the lowest sizes ,  one could reasonably expect that the fewer-than-ten 

particles per 300 cc which we were able to  measure (starting at 0 . 3� instead 

of 0 . 5� as is required in Federal Standard 209B)  were primarily particles of 

less than 0 . 5� in size . When we looked at the sizes of  particles using the 

discretionary mode of the Royco , few were over 1 . 0� .  Yet it has been well es

tablished that bacteria-laden particles are usually over 4 . 0� in diameter . 

Therefore , although one could reasonably state , as has been done several t imes 

at this workshop , that viable particle counts are not related to total particle 

counts , on the other hand , one must be prepared to accept very low total parti- f 
cle counts ,  especially when measuring at 0 . 3� and up rather than at 0 . 5 � and up , 

as excellent inferent ial evidence that this air is sterile , s ince there exists 

work which tends to indicate that an average relat ionship between total parti-

cles 0 . 5� to  10� to  viable particles is 1000 to 1 .  

Further , without testing with smoke any ultra-refined room or unit 

in its full working configuration with machines ,  people , l ights ,  and drapes , 

the predict ion of the flow of  it s air currents is nearly impossible . It is 

only by visualizing the currents that the vagaries of their distribut ion will 

be appreciated . 

f 
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STANDARD TECHNIQUES TO REDUCE OPERATING ROOM BACTERIA 

Howard P .  Hogshead* 

This paper is devoted to a discuss ion of those techniques which can 

be used in the average operat ing room to reduce bacter ia l contamination .  This 

implies the use of  conventiona l a ir hand ling sys tems and conventiona l appare l .  

Time does not permit a review of the h istory of aseptic surgery ; only a few 

topics can be discussed in this paper . Based upon some recent research s tudies 

s ome sugges t ions for control  of bac ter iologic a l  hazards in the average opera t ing 

room wi l l  be offered . 

Several s tud ies of the tota l operating room environment have been 

repor ted recent ly . S uch s tud ies mus t be carried out on a grand sca le . A mass 

of data is collec ted concerning the par t ic les and the bacter ia in the air in 

severa l locations around the room ,  the surgica l wound , the surgical team and the 

surgical equipment .  Inherent weaknesses of these s tudies are the vas t  number of 

variables . These  var iables are difficult  to control , s ince they inc lude changing 

members of the surgical/anes thes ia/nurs ing team , changing surgica l pat ients , 

breaks in surgica l technique , and var iance of s urgic a l  procedure . Any attempts 

to relate bac terio logic a l  s tud ies to the termina l event - - a c l inical wound infec 

tion- -are fraught with further difficult ies . At  the current low rate of infec 

t ion ,  the s tudy of a vas t number of cases is required to yie ld a s tatis t ica l ly 

s ignificant difference between two d iffer ing surgical techniques . Because of 

the d ifficulties involved in such s tud ies of the tota l operat ing room environ

ment , an a l ternative method of s tudy was se lec ted .  

METHOD 

In order to e l iminate var iables and to study individual  fac tors in a 

contro l led environment , a sma ll , sea led "c lean-air" room was cons truc ted 

(Fig . 1 ) . Cons truc tion of this uni t  and subsequent s tudies described herein 

were the res ults of the efforts of severa l people , inc luding Dr . Char les L .  

Rogers , M . D . , Joseph Morris , M . D . , and Jeorge Franco ,  Ph . D .  This uni t  permitted 

the s tudy of personne l ,  operating room dress , and operat ing room activity . 

*Direc tor of Rehabil i tation ,  Cathedra l Health and Rehabi l itation 
Center , Jacksonvi l le , Flor ida . 
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Fig . 1 .  The " te lephone booth" used to s tudy 18  individuals, 
three types of appare l ,  and three types of ac t ivity . The fans and 
HEPA fi lters are at  r ight . High ve loc i ty ,  s ter i le air is directed 
through the duc t  and down into the chamber to f lush extraneous 
par t ic les and bac ter ia pr ior to the ten-minute sampl ing period . 
Wais t- leve l ports lead to the s l it sampler and par t ic le counter at 
le ft . 

Ports in the wa lls  of the "te lephone booth" a l lowed for samp l ing of the a ir 

surrounding the individua l be ing s tudied . *  Through one port , the air was drawn 

through a 7 / 8  in . Tygon tubing 5 ft . in length . A s li t  sampler capab le of  p la

ting out a irborne bac teria was used to de termine the co lony- forming units pres
ent in two cubic feet of a ir aspirated from the booth during a ten-minute 

samp l ing per iod . A c lockwork mechanism turned the sheep ' s b lood agar culture � 
*A grant from the F lor ida Or thopaedic Soc iety  was of  ass is tance in 

fund ing the " te lephone booth . "  
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plate . The culture plates were read at 4 8 and 7 2 hours . A second port in the 

booth led off to a C l imet photoe lectric part ic le counter capable of counting 

partic les larger than 0 . 5  micra in d iameter . The counts were pr inted on a digi

ta l pr intout tape for each minute of tes t ing . 

The procedure used for the study required cleaning the walls of  the 

booth and flushing the air with high velocity ,  High Efficiency Particulate Air 

(HEPA) filtered air . The experimental subj ect was then placed in the booth . The 

sterile air flush continued for an addit ional two minutes .  The airflow was turned 

off and the subj ect was evaluated for the first sampling while standing quietly .  

The booth was then flushed with HEPA filtered air for two minutes and  the subj ect 

was evaluated for a second ten-minute period while coughing and talking. The air 

in the booth was again flushed for a two-minute period . During a third ten-minute 

sampling period , the subj ect was required to walk in place • 

Each ind ividua l was f irs t stud ied for three ten-minute samp l ing periods 

while wear ing an ordinary surgeon ' s  scrub suit without cap or mask .  Hands and 

arms were not covered . Dur ing the second series of three ten-minute sampl ing 

periods , the experimental subject  was dressed in a surgeon ' s gown with paper 

hood , paper mask ,  shoe covers , and surgica l g loves . The surgeon ' s gown was a 

convent iona l loose -weave l inen fabric . Dur ing a th ird ser ies of three ten-minute 

sampl ing per iods , an aspiration suit was worn by the subjec t . In addit ion to 

removing a ir from around the ind ividua l ' s  head , neck  and face , the hood provided 

complete coverage of the head , neck , face , shoulders and upper torso . The fabr ic 

of this aspiration suit was a loose-weave l inen s imi lar to the common surgica l 

gown . Surgical g loves and shoe covers were worn with the aspiration sui t . One 

group of four individuals tes ted an aspirat ion suit of s imi lar des ign but made 

of t ight ly woven fabric (Bar Bac ) . 

In th is fashion three ac t ivities and three types of appare l were 

s tudied . 

RESULTS 

The fourteen members of the Orthopaedic Surgica l Depar tment of the 

Univers ity of F lorida were s tud ied for the ir bac ter ial- and part ic le - shedd ing 
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charac ter is tics . Addit iona l ly , four female operating room technic ians from 

another hospita l  were evaluated . Sampl ing per iods las ted at leas t two hours . 
The te�perature ranged from 70 to 80 °F  and the humidity averaged 70 percent . 

The par t ic le counts yie lded no corre lation with the bac ter iolog ical  

counts . At bes t , the par t ic le counts ind icated the amount of l inen within the 

booth dur ing the sampl ing . These data are omitted from the repor t . 

Data obta ined from the s l i t  samp ler agar cu lture p lates on the 18 

exper imenta l subjec ts are shown in (Fig . 2 ) . 

=l ._. Scrub suit 
- Surgeon's gown 
:w:w.-:*:-:·� Aspiration suit 

3000 
.. 2800 
.: 2600 
, 2400 ell -
) ::  
1 ::  
I �  1 600 400 

200 

. 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 

UNIVERSITY OF FLORIDA DEPARTMENT OF ORTHOPEDICS 1 - 14 
FLORIDA HOSPITAL TECHNICIANS 15 - 18 

Fig . 2 .  S tand ing quie t ly whi le dressed in scrub suit , sur 
geon ' s gown , and aspiration suit . Individua ls re tain the same 
number throughout the graphs . Watch Number 5 and Number 10 . 

Whi le s tanding quie t ly ,  mos t subj ec ts lofted on ly a few viab le part ic les into 

' 

the air dur ing the ten-minute per iod . Only sma l l  d i fferences were evident be- fr 
tween the samp ling per iods when the individua l  was dressed in a scrub suit , a 
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s urgeon ' s gown or an aspirat ion suit . It is notewor thy that ind ividua ls Number 

5 and Number 10 shed bac ter ia at rates in excess of the ir col leagues . (The num

ber des ignat ion in the graphs remains unchanged throughout these f igures . )  With 

a few exceptions the scrub suit colony count is h ighes t ,  the surgeon ' s gown colony 

c ount is lower , and the aspiration suit  bac ter ia l co lony count is the lowes t  of 
the three . 

Ta lking and coughing (Fig . 3 )  produced a s light increase in colony 

counts for a l l  ind ividua ls . Aga in individua ls Number 5 and Number 10 are noted 

to shed a greater number of bac teria than the ir col leagues . 

600 
400 

200 

Tal"'- and cough.._ -.ntlll Scrub suit 
- Surgeon's gown 
:*:;::-:"·:·::; Aspiration suit 

2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 

UNIVERSITY OF FLORIDA DEPARTMENT OF ORTHOPEDICS 1 - 14 

FLORIDA HOSPITAL TECHNICIANS 15 -18 

Fig . 3 . Ta lking and coughing whi le wear ing three d i fferent 
types of appare l .  

Walking in place (Fig . 4 )  resulted in dramatic increases in the number 

of bac ter ia scat�ered into the a ir . Again ind ividua ls Number 5 and Number 10 

are noted to be extremely produc t ive of ac t ive co lony- forming units . In both 

cases a coagulase-pos i t ive S taphylococcus aureus accounted for the maj or i ty of 

these organisms . 
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Walldng lnplace ....... Scrub sult 
- Surgeon's gown 
- Aspiration suit 

1 2 3 4 5 6 7 8 9 10 11 12 13 

UNIVERSITY OF FLORIDA DEPARTMENT OF ORTHOPEDICS 1 -14 

FlORIDA HOSPITAL TECHNICIANS 15-18 

Fig . 4 .  Wa lking in p lace whi le wear ing three different types 
of  appare l .  The ver t ical sca le has been broken to accommodate the 
data . Number 5 and Number 10 are S taphylococcus aureus shedders . 

To provide further compar isons of the three types of ac t ivi ty , the 

same 18 ind ividua ls are shown in (Fig . 5 ) while a l l  were att ired in the s urgeon ' s 

gown . The e f fec t of ac tivity in loft ing bac teria into the air can be read i ly 

apprec iated . 

The data are massed as s hown in (Fig . 6 ) . Compar isons were made 

be tween the square of the means for the 14 ma le or thopaed ic surgeons in three 

s tyles of dress  and in three ac t ivities . The four Florida Hospita l  technic ians ' 
data are treated separately but relat ing to the same factors (Fig . 7) . There is 
no s tatis t ica l d if ference be tween the average of the means for e ither group when � 
s tanding quie t ly compared to ta lking . There is no s ignificant difference between 

the Univers ity of  F lor ida surgeons and the Flor ida Hospita l  technic ians whi le 
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Techniques to Reduce  Operat ing Room Bac ter ia 

I - Walking in place 
- Standing quietly 
==..-:= Talking and coughing 

1 2  3 .. 5 6  14 15 16 17 18  

UNIVERSITY OF FLORIDA DEPARTMENT OF ORTHOPEDICS 1 - 14  

FLORIDA HOSPITAL TECHNICIANS 15 - 18  

Fig . 5 .  Three d ifferent types of ac t ivity whi le wear ing the 
same garment - - a surgeon ' s  gown . The remarkab le e f fec t of body 
movement on loft ing a irborne bac teria is evident . The great d if
ference between the orthopaed ic surgeons and the s urgical tech
nic ians is not ful ly explained . 

s tanding quie t ly or whi le talking . A s ta t is t ically s ignificant d ifference at  

the 0 . 05 leve l of s ignificance ex is ts be tween the firs t two types of  ac t ivity 

and walking in place . There is a s ta t is t ica l ly s ignificant d ifference be tween 

the aspirat ion suit worn by the Univers ity of F lor ida surgeons and the suit  worn 

by the Flor ida Hospita l  technic ians . Unfortunate ly , the e ffec t iveness of the two 

suits  was not contras ted on the same individua ls . 
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Tota l Colony Count 
Univers i ty of Flor ida S urgeons 

(Means ± S tandard Error of Mean) 

S tanding Coughing 
guiet l� & Ta lking 

Walking 
in P lace 

Scrub S uit  X = 13 ± 9 X = 30 ± 10 X = 496 ± 4 6  

Surgeon ' s Gown X =  10 ± 3 X =  15 ± 5 X = 286 ± 56  

Aspirat ion S ui t  X =  8 ± 3 X =  9 ± 3 X = 155 ± 78  

Fig . 6 .  Comparisons of co lony counts for four teen ma le 
Univers ity of F lor ida Surgeons dur ing three types of s tandard 
ac t ivit ies whi le wear ing three types of appare l .  Differences 
be tween s tanding quie t ly and ta lking and coughing are not s ig
nificant . Differences be tween e ither of  those ac t ivit ies and 
wa lking in place are significaqt at P-0 . 0 5 leve l . Colony count 
decreases  as more s kin is covered , but this is more evident 
when ac t ivity is greates t .  Va lues in a s imp le scrub suit are 
lower when s tand ing quie t ly than those for the aspirat ion sui t 
when walking . 

Scrub Suit  

Surgeon ' s Gown 

Tota l Colony Count 
Flor ida Hospita l  Technic ians 

(Means ± S tandard Error of Mean) 

sum!1ns Coughing 
Quie t ly & Ta lking 

X =  2 + 2 X = 5 ± 4 

X = O ± 0 X = 1 ± 0 .  8 

Wa lking 
in P lace 

X =  40 ± 7 

X = 12 ± 5 

Aspiration S uit  X = 1 ± 0 . 7  X = O ± 0 X • 1 ± 0 . 5  

Fig . 7 .  Comparisons of  colony counts for four female 
Flor ida Hospita l  Operating Room technic ians during three types 
of s tandard ac t ivity while wear ing three d ifferent types of 
apparel . Differences be tween s tand ing guie t l� and ta lking and 
coughing are not s tatis t ica lly s ignificant . Differences be 
tween e ither of these  ac t ivit ies and walking in place are h i ghly 
s ignificant . Co lony counts decrease as more skin is covered . 
A t ight ly woven fabric was used in the aspirat ion suit  used by 
these individuals . I t  appears to be highly e f fec t ive and pro
bably be tter than the loose ly woven garment used by the men . 
S tr ic t  compar isons are not poss ible , however ,  because of dif 
ferent shedd ing charac terist ics . 

( 
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Techniques to Reduce Operating Room Bacteria 

DISCUSS ION 

The d ifferences in shed bac ter ia of the four fema le operat ing room 

technic ians is noticeable in contras t to the larger , more vigorous ma le s ur

geons . Reasons for these differences are not c lear at the present t ime . It  

is observed that the gir ls were sma l l  and marched in  p lace very gent ly . None 

were nasopharyngea l  carr iers of S taphylococcus aureus . I t  would appear that 

the more impervious fabr ic of the aspirat ion suit  worn by these ind ividuals is 

more effect ive than the loose ly woven asp iration s uit  worn by the men in this 

s tudy . S ince these four women generated fewer bac ter ia than the men , a va lid 

comparison of the e ffec t iveness  of the suit  is unfortunate ly not poss ible . 

The resul t  of ac t ivity is more impor tant than the mode of dress . 

Indeed , if  a l l  ind ividua ls were to s tand quie t ly aspirat ion s uits would be 

unnecessary . 

The presence of a vas t ly increased ra te of shedd ing bac ter ia of 

individua ls Number 5 and Number 10 marks them as "shedders" . In both cases 

the predominant organism shed was the pathogenic S taphylococcus aureus . In

d ividual Number 10 was noted after complet ion of this s tudy to have been a 

long- term sufferer from atopic ec z��a . Both Number 5 and Number 10 were nasa l  

pharyngea l carr iers of S taphylococcus aureus . Number 10 was able to reduce 

h is shedd ing with the use of a s teroid skin cream .  

Addi t iona l s tud ies o f  the phenomenon o f  shedding were carr ied out 

on several suspec t ind ividua ls in order to deve lop a s imp le me thod for the 

detect ion of the presence of a shedder . In a quiet off ice , blood agar 

settle plates were placed at 6 ,  1 2 , and 18 inches in front of and to the side 

of the individua l ' s  exposed face and neck .  Contro l  va laes in th is setting 

were zero or one co lony per ten-minute samp l ing per iod . The shedders produced 

be tween four and e ight S taphylococca l colonies per p late per ten-minute samp ling 

period . Six or eight pathogenic  colonies per plate in a ten-minute period may 
indicate a surgical risk . 

Using this method , an individual with a nasal furuncle was also found 

to shed Staphylococci in greatly increased numbers . The bacterial counts from 

� this particular ind ividual returned to two or three colonies per plate per ten

minute s ampling after the furuncle was resolved .  This lesion should prompt 

further study and probably should curb part icipat ion in surgery having a high 

risk of infection . 
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CONCLUSIONS 

App lying these s tud ies to the average operat ing room s ituat ion , the 

fo l lowing sugges t ions are offered : 

1 .  The degree o f  phys ica l ac t ivity in the operat ing room is the 

mos t important s ingle fac tor affec t ing the number of bac ter ia shed into the 

a ir .  Movement mus t be minimized . 

2 .  Talking and coughing cause only a s light increase in airborne 

bac teria in compar ison to quie t s tand ing . 

3 . The number of  a irborne bac ter ia is decreased propor t ionate ly 

to the degree to which the s k in and hair is covered by garments . 

4 .  In a limited number , the use of an aspirat ion suit  made of  t ightly 

woven fabr ic appears to be super ior to a s imi lar aspira t ion suit of  a loose ly 

woven fabr ic . 

5 .  Par t ic le count ing is irre levant to the bac ter ia l c ount in these t 
s tud ies . The partic le count is ma inly a ref lec t ion of  the amount and type of 

l inen worn ps we l l  as the phys ica l  ac t ivity . Part ic le counters are not he lpful  

in  operat ing room monitor ing . 

6 .  A s imple me thod for de tec tion of shedders is descr ibed . Guide

l ines for the rat ional management of shedders have not been deve loped . How

ever , the shedder is undeniab ly a threat to the surgica l wound . 

7 .  I t  is suspec ted that many shedders wi l l  be found to have skin 

d iseases or other skin les ions wh ich cause or which magnify the ir shedd ing 

charac ter is t ic s . Ind ividua ls wi th s uch cond i t ions should be examined and spec ia l 

precaut ions taken to protec t the surgica l wound . 

8 .  Screening of the operat ing and anes thes ia teams may be of 

par t icular impor tance in s urgica l procedures having a s ubs tantial r isk  of wound 

infec t ions . 
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OPERATING ROOM AIR AS A SOURCE OF WOUND CONTAMINATION AND INFECTION 

Ruth B .  Kundsin* 

The number of  airborne microorganisms in the operating room during a 
procedure is the equilibrium reached between the addit ion of microorganisms and 

their removal . Organisms shed by occupants ,  together with those lofted by ac

t ivity . ar� the means by which they are added ; their removal is accomplished by 

ventilation or its sanitary equivalent , ultraviolet irradiat ion . 

The three essent ial parameters for evaluating the microbial aerody

namics in the operating room are volumetric air samples , fallout plates , and 
cultures of microbial accumulation . Volumetric air samples and fallout plates 
indicate miroorganisms in transit . From these , viable particle size and set 

tling velocity can be calculated . Microorganisms on horizontal surfaces repre

sent the accumulated fallout of large viable particles . Techniques for the 

detection of microorganisms in these states of suspension differ . 

The standards that our laboratory has set up and has found useful in 

evaluat ing the operating room environment are shown in Table 1 .  During a pro

cedure a consistent rise in all counts of viable particles occurs . Counts are 

lowe r  than standards at the start but usually increase and surpass these stan

dards at the conclusion of  the procedure . During a one-hour procedure involving 

replacement of  a pacemaker , volumetric air counts rose from two to nine per cubic 

foot . Fallout of organisms increased from two to six per square foot per minute . 

Surface impression plates taken before and after the procedure showed increases 

in six of nine surfaces sampled . 

Table 1 .  Operating Room Standards for Viable Part icles 

3 Volumetric Air Samples • • • • • • • • • •  5 vp/ ft 
2 Settling Plates • • • • • • • • • • • • • • • •  5 vp/ft  /min 

Horizontal Surfaces • • • • • • • • • • • •  <25  vp/Rodac Plate 

The logical quest ion at this point is how much of a hazard does this 

present to the patient ? Assuming the operating room intake is within our 

*Director , Surgical Bacteriology Laboratory , Environmental Sepsis 
Laboratory , Peter Bent Brigham Hospital , Boston , Massachusetts  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I n f o r m a l  P a p e r s  o f  a  W o r k s h o p  o n  C o n t r o l  o f  O p e r a t i n g  R o o m  A i r b o r n e  B a c t e r i a ,  N o v e m b e r  8 - 1 0 ,  1 9 7 4 ,  W a s h i n g t o n
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 0 1
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Operat ing Room Air 

hygienic l imits and a l l  surfaces have been wiped with an e ffec tive germic ide , 

def inite predic t ions c an be made . 

The original work from our laboratory on a irborne infec tion during 

surgery was done in col laborat ion with Dr . Car l W .  Wa lter (4 ) .  I t  was based  

on a s tudy of 2 50  surgica l procedures of a l l  types . Nasopharyngeal and skin 

cul tures were taken preoperat ive ly and pos topera t ive ly of a l l  pat ients . Cul tures 

of the microbiology of the opera t ing room were done . Cu l tures of the wound were 

taken on opening and c los ing . The team furnished mas ks and gloves for cul ture 

fo l lowing each procedure . Pos toperat ive fol low- up of pat ients was done by a 

nurse member of the team . Th is comprehens ive microbio logy made it poss ible to 

ascerta in the source of infec t ing organisms . 

S taphylococcus aureus was recovered on se t t l ing p la tes on the 
ins trument tab le in 48 percent of procedures , on se t t l ing p lates on the f loor 

in 58 percent of procedures ,  and in air samples ( 15 cub ic fee t )  in 36  percent 

of procedures .  In 69 percent of procedures , � ·  aureus was recovered from some 

environmental culture (Table 2 ) . One technic ian in the per iphery of  the operat

ing room was found to be a disseminat ing carr ier and his S .  aureus had a dis t inc

t ive phage pattern . Th is made trac ing of h is � ·  aureus poss ib le during the pro

cedures when he was present . 

Tab le 2 .  S taphylococcus Aureus Recovered From Environment 
in 2 50 Surgical  Procedures 

OR S ites Cultured 

Ins trument table - s e t t l ing p laces 
Floor - s e t t l ing plates 
Air samples  ( 15 cubic fee t )  

Procedures * 

48% 
58% 
36% 

*In 69% of procedures , S .  aureus was recovered 

His particular strain was found on settling plates  in 33 percent of 

procedures , on the f loor in 25 percent of procedures , and in a ir samp les ( 15 c u 
b ic fee t )  in 1 1  percent of procedures .  In 49  percent of procedures ,  h is � ·  

aureus was recovered from the environment (Tab le 3 ) . 
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In the 250 procedures s tud ied ,  20 pos toperat ive wound infe c t ions were 

found (Tab le 4 ) . S ixteen of the 250 ( 6 . 0  percent ) were endogenous and four of 

the 250 ( 2  percent ) were exogenous . S taphylococcus aureus from the wound cou ld 

be trac ed to three ind ividua ls in the operat ing room in the exogenous wound in

fec t i ons . Two infec t ions were traced to two surgeon members of  the team . Two 

of the infec t ions were trac ed to the d isseminat ing carr ier in the per iphery of 

the r oom whose ! ·  aureus was recovered in the environment (Tab le 3 ) . Th is is  

an infec t ions rate of  one percent for the 169 procedures dur ing wh ich he was 

present . 

Tab le 3 - S taphylococc us Aureus Carr ier ( 52 / 52A/79/42D/ 7 /53/54 / 70/ 73 /80/81 /82 /47C)  
Present i n  169 Procedures 

Ident ical S . aureus found : 

OR SITES CULTURED PROCEDURES* 

Ins trument tab le - s e t t l ing p lates 
Floor - se t t l ing p lates 
Air samp le ( 15 c ub ic fee t ) 
*In 49% of procedures ,  ! ·  aureus of  carr ier 
recovered from the env ironment .  

Table 4 .  Pos topera t ive Wound Infec t ions 

6 .4% 
1 . 6% 
8= . 0% 

250 Cases  

( 16/250 )  
( 4 / 250) 
(20/250) 

Endogenous 
Exogenous 
Tota l 

33% 
25% 
1 1% 

A more recent exper ience wi th an anes thes iologis t in our hos p i ta l  

ind ica ted an inc idence of  four ( 7 . 3  percent ) infec t ions in the 5 5  procedure s 

'\ whic h he attended . In another hosp i ta l ,  where we were cons u l tants , an inc idence 

JJ of 13 infec t ions in 183 procedures ( 7 . 1  percent ) were found to be due to a spe 

c ific T- type be ta-hemo lytic group A s treptococcus from an ane s thes i o logis t wi th 
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a per iana l les ion from wh ich the same s treptotoccus was iso lated ( 1 ) . A 

s ummary o f  these three carr iers and the ir rate of  infec t iv i t y  is  s hown in Tab le 

5 . 

Based on these observations , the hazard to each pa t ient can be 

mathemat ica l ly pred ic ted depend ing on the number of d issemina t ing carr iers in 
the operat ing room . 

Ta b le 5 .  The Disseminat ing Carr ier in the Opera t ing Room 

ORGANISM 

1 
S .  aureus 2 
S .  aure us 3 
13 -Hemo lyt ic 
S treptococcus 
Group A 

CARRIER 

Technic ian 
Anes thes io logis t 

Ane s thes iologis t 

NUMBER OF 
PROCEDURES 

169 
55 

183 

NUMBER OF DOCUMENTED 
POST-OP INFECTIONS 

2 ( 1 .  2%) 
4 ( 7 . 3%) 

13 ( 7  . 1%) 

1 
252 /52A/ 79 /42D/ 7 / 70/ 7 3 /80/82/4 7C 

329 /52 /83A/81 / 80/4 7C /82 and 8 1 /80/4 7C/82 
T Type 12 

If the probabi l i t y  of  not bec oming infec ted for each d is seminat ing 

carr ier is known , the proba b i l i t y  that any pa t ient wi l l  be infec ted is equa l to 

Where : 
p ( I ) 

p (c . ) 1 
q (c

i ) 
q (c

i ) 
i 

-

= 

-

= 

= 

probabi l ity 

probabi l i t y  

probabi l ity 

1 - p ( c
i ) . 

1 ,  2 ,  . . . 

that a pa t ient wi l l  be infec ted . 

that the i
th 

carr ier is  an infec tor . 

tha t 
th 

the i carr ier is not an infec tor . 

n . 
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Assuming a l l  three carr iers descr ibed in Tab le 5 were in an operat ing 

room toge ther dur ing a procedure , the probabi l i ty of  the pa tient ' s  be ing infec -

ted , p ( I  ) ,  can be calcu lated as fo l lows : 

p . ( I ) = 1 - ( . 93 X . 93 X . 99 )  

p ( I ) • . 144 or 14 .4% 

The airborne c omponent of  pos toperat ive wound infec tions is not a 

fixed rate but var ies from hospital  to hospita l , from opera t ing room to operat

ing room , and from s urgic a l  team to s urg ica l team . The rate is d irec t l y  pro

por t i oned to the number of d i sseminat ing carriers in the operat ing room , The 

dissemina t ing carr ier can be anywhere in the room .  He does not necessar i l y 

have to be a member of  the s urgica l team . He can be a casua l  vis i tor near the 

opera t ive s i te , a trans ient technic ian in the per iphery of the room ,  but each 

d issemina t ing carr ier in the room c ontri butes to the c umu la t ive r is k  inc urred 

by the pat ient . 

The emphas is on a ir s upp ly to  the s urgica l s u i te is impor tant but no t 

the cr i tica l fac tor . When the a ir s upp ly p lays an e t io logic role , exogenous 

microorganisms are invo lved . The cr i t ica l fac tor in our exper ience is the com

mensal f lora o f  the peop le who are present . They can be scrubbed , mas ked , capped, 

gowned , and appropr iate ly shod , but the d isseminat ing carr ier wi l l  s t i l l  have the 

capabi l i ty to pro jec t  h is micr oorganisms into space . 

De f in i t ion of  the prob lem s imu l taneous ly s ugge s ts the solut ion . S ince 

the source of airborne pos topera t ive wound infec tion is  the d is semina t ing carr ier 

whe ther recogn ized or unrecognized , a technique wh ich can intercept this micro

bia l d is seminat ion mus t be devised . Only those techniques shou ld be cons idered 

which c an re liably and reproduc i b l y  accomp l ish this with minimum d iscomfor t to 

personne l .  

One solution wh ich has had s uppor t in the pas t is u l travio le t irrad i -- ation ( 2) .  

U l trav iolet lamps have been ins ta l led in four opera t ing rooms at  the 

Peter Bent Br igham Hosp i ta l  for irrad iat ion d ur ing s urger y . With 25 - 30 pw/ cm2 /sec 
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at the level of  the operat in� t able , a s i20ificant reduct ion in airborne 
microorganisms on sur faces , fa l lout p lates and vo lume tr ic air samples can be de-
mons trated . C l inical eva luation of  results  of or thope d ic s urgery to date wi th 

s uch irradiat ion are enc ouraging (3 ) . 

Because the airborne c omponent of  pos toperat ive wound infec t ions var ies 

wi th eac h hospi ta l  and is usua l ly a sma l l  propor t ion of tota l infec t i ons , proof 

o f  s uccess fu l control  of airborne in fec tions wi ll  of  necess i ty invo lve a large 

number of  pat ients be fore s ta t is t ical  s igni f icance can be a t tained . However , 

objec t ive sc ient i f ic eva lua tion of  the problem can enable those interes ted to 

make a good educated guess  as to the me thods wh ich wi l l  lead to s ucc es s fu l  

erad ication of  aer ial ly transmi tted microorganisms .  
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WHAT IS THE HARD EVIDENCE ON THE ROLE OF 
AIRBORNE BACTERIA IN WOUND INFECTION ? 

Harold Laufman* 

The term "hard data" is employed by scientists  as j argon for data  

which are  irre futable in the light of  present-day knowledge . Hard proof is 

certain proo f .  It impl ies documentat ion which is convincing , and describes 

va l id observat ions from which conclusions can be drawn beyond reasonable doubt . 

All observat ions and data require interpretation . The val idity of a 

conclusion is dependent upon the soundness  of logic and absence of prej ud ice 

at each stage of t he three-part deduct ive process : the premise , the method , 

and the conclus ion . Even when all three are sound , the interpret ive logic may 
be faulty . The same data based on factual mat erial may have no meaning to one 

observer but s ignif icant meaning to another . Or , it may be int erpreted accord
in g to an individual observer ' s  spec ial interests , experient ial and educat ional 

background , and a hos t  of other factors that set one individual apart from 

another . The clear zone around a penicillin mold growth had been observed by 

many people , but it took the deduct ive processes of Alexander Fleming ' s  mind to  

read pract ical s igni ficance into this  observat ion . 

In 1882 , when Robert Koch cult ivated the tubercle bac illus , he 

presented his results  to the Berl in Physiological Society in a paper which in

cluded "Koch ' s  postulates . "  Koch knew that it was insuf ficient to assume that 

s imple cause-and-e ffect observations were enough to implicate  a given micro

organism as cause of a given d isease . His fourth postulate states that the 

organism recovered from the diseased part must  be the same as the one int ro

duced to cause it . 

With this much background , let us look at the evidence at hand on the 

role of airborne bact eria in wound infect ion .  

I think everyone will agree with certain facts  which have emerged 

from repetit ive observat ions and hard data . These are : 1) bacteria may be 

airborne ; 2)  highspeed , clean direct ional or moderately turbulent airflows are 

capable of diminishing the number of airborne bacterial part icles in a conf ined J space . 

*Inst itute for Surgical Studies , a d ivision of the Department of 
Surgery , Montefiore Hospital and Med ical Center , New York City . 
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An apriori deduct ion from these factual observat ions -- that because 

microorganisms may be carried by airborne particles , and because microorganisms 

may cause wound infect ion , and because the part icles may be diminished in num

ber s ignificantly by high-speed air movement -- that post hoc ergo propter hoc 

high-speed air blowing should diminish the incidence of wound infect ion . How

ever , applicat ion of  elementary logic tells us that this conclus ion may be a 

non sequitur ,  and not a legitimate conclusion at all . I t  could b e  a� 

s equitur 1) if hard data show that high-speed clean-air movement does not pre

vent wound infection ; 2) if airborne bacteria do not match those recovered from 

an infect ed wound , or 3 )  if infection can be prevented by means other than 

high-speed clean-air movement , such as , for example , containment o f  dispersal 

of  airborne b ioparticles , exclusion of carriers , correction of engineering de

fects  in a low-speed , turbulent air syst em ,  use of ant ibiotics , special surgical 

and hygienic t echnics , and so on . 

It  would serve lit t le useful purpose at this point to correct an al- � 
most hopelessly bogged-down misuse o f  terminology , but in the interests  o f  the 

search for hard facts , it should at least be mentioned here that the t erm 

"laminar flow" is constantly misused . Directional airflow , as it is employed 

in operaing rooms is at best less turbulent than nondirect ional flow . But be

cause of  the inevitability of  obstacles and movement in the operat ive space , 

the flow is certainly not laminar .  Misusage of the term ext ends to the t endency 

to refer to all ceiling-vent systems as laminar . 

Two reports ,  one by Walt er , Kunds in and Brubaker ( 3 )  and the other by 

Gage and associates (4) , provide us with data which t race the infect ion of 

t issue directly to pathogens circulated into the operat ing room air . 

In the case of  the Walter-Kundsin report , a carrier-disseminator 

( shedder) entered the periphery of an operating room. The air distributors 

were located on the same wall as the exhaust registers . Thus , all incoming air 

had to sweep the room before being exhaust ed on the same side as it entered . 

The shedder was dressed and shod in the conventional way , but wore a cap , not a 

hood , and no gloves or shoe covers . The bacteria shed by this person matched 4t 
specifically by phage type those found in the wounds of a series of  patients .  
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We do not know whether the bacteria were deposited directly into the wound from 

the air , or came to rest on inst rument s ,  sponges , or gloves before being deposi

ted into the wound , but the source and the final dest inat ion of the bacteria 

are irrefutable . 

In the case of the Gage report , a contaminant was brought into the 

operating room by a faulty air handl ing system which delivered undiluted Asper

gillus spores directly into the room from a poorly-drained moss-covered roof 

covered with pigeon excreta . A virtually pure culture of  Aspergillus was iso

lated from the pigeon droppings , from the air duct s ,  from the air handling 

machinery , and from the thromb i  which adhered to the implanted intracardiac 

valves of five pat ient s . Int erest ingly , the skin wounds of these patients and 

those of other patients operated upon in the same operating room (cholecyst ec

tomies , herniorrhapies , etc . )  had the same low infect ion rate as that of pa

tients operated upon in other operating rooms of the same suite .  This rate 

was well below published infection rates in the ultraviolet study publ ished in 

1964 ( 5 ) . Reasons  for this phenomenon can only be speculated upon . but one 

speculat ion is that the strong suct ion employed in the area of the open heart 

was  concentrated into  the cardiac chambers , act ing much l ike a sl it-sampling 

device in concentrat ing the airborne bacteria in one place . Other speculat ions 

include the possibility that different tissues and anatomical locat ions have 

different levels  of susceptibitl ity to any given pathogen ; that the infect ious 

agent was carried into the wound by gloves , instruments , or sponges , while the 

sides of the wound were protected by pads or towels ;  or that the foreign body 

it self (the valve) may have become contaminated before insert ion . 

The Walter-Kundsin report and the Gage report are examples of hard 

data gathering , one demonstrating the effects of an incompletely covered 

shedder and the other , the effects  of an erroneously installed and defective 

air handling system ,  both definit ely support ing the premise that airborne bac

t eria are responsible for wound or other t issue infect ion . However ,  reference 

to these observations is misapplied by authors who use them correctly to sup

port the thesis that wound infections can be caused by airborne bacteria , but 

at the same t ime report cases in which the airborne bacteria do not match (if , 

indeed , they were cultured) those found in the infected wound . Such reports , in 
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addit ion to � ing hard dat a to  support a quest ionable conclusion are , o f  co urse , 

guilty of not fulf ill ing Koch ' s fourth post ulat e .  

Reports such as that o f  Amstutz (6 )  t race wound infect ions in hip

replacement operat ions to  the urinary tract , and not to  a irborne bacteria , 

either in a convent ional operat ing room where four deep infections occurred , or 
in a d irect ional airflow room where one deep and six  superf icial infect ions 

occurred . Gram-negat ive rods are rarely , if  ever , transmit ted by air . Also , 

the bacteriology of infected hip-replacement wounds is far from uniform . 

Reports in which claim is made that the wound bacteria match those 

of the a ir ,  cover a wide spectrum of bacteria , but usually focus upon either 

Staph .  epidermidis or Staph . aureus , both of  which are capable of  being air

borne . The conclusion , therefore , is  reached that the infection reached the 

wound from the air , either d irectly or indirect ly by way of  an instrument , 

sponge , glove , or some other fomit e .  But , as we have seen , such a conclusion 

may be a non sequitur .  Although i t  is  c lear that bacteria can be airborne , 

their arrival at the wound s ite  via this route must remain conj ectural with

out measurement of cultures from other sources (e . g . , the surgical t eam ' s 

hands ) .  When bacterial counts over a wound or ins trument t able are at  v ir

tual zero and the pat ient develops a Staph . epidermidis or Staph . aureus in
fect ion ,  it is less l ikely that the microbe got to the wound via the air than 

it is  that it got there by d irect implantat ion , e ither via a tear in the sur

geon ' s  glove or from the pat ient ' s own skin . Hard proof would require cultures 
of obj ect s  other than the air , such as instruments , gloves , sponges , surgical 

team ' s hands , and so on . 

We lack certain basic pieces of  information or hard data which appear 

to be necessary before specific recommendat ions can be made responsibly . With 

respect to the air , Lidwell ( 7 )  has asked , "How clean should operating-room air 

be for surgery? "  Paraphrased in the present context , "How clean should operat

ing-room air be to  provide ' clean-enough ' air for clean-refined surgery? " 

We have no def inite answer based upon hard data for a number of rea

sons . 1 ) We have not yet def ined clean-enough air . Or , as Beck has put it , 
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we need standards for biologically clean air , since federal standards for in

dustrial clean rooms are all we have , and these are certainly not relevant to 

operating rooms . 2)  We have no standard protocol for invest igators to  follow 

�n describing the convent ional operat ing rooms which they invariably use for 

comparison with directional-airflow rooms . 3) We have no standards for the 

tests used in monitoring the b iopart icles in high-flow rooms . As a result , in

vest igators are measuring different parameters by different methods and att empt-' 
�ng to  compare such findings . 4 )  There is little unanimity of opinion on the 

specificat ions of the filt er necessary to provide clean air into an operating 

room at reasonable cost . 5) We have had little reliable informat ion , unt il 

recently , about comparat ive permeability of various woven and nonwoven mat erials 

depended upon to serve as barrier materials during operat ions . 

The new information about barrier materials (11)  indicates , contrary 

to promot ional claims , that not all nonwoven material s used in the manufacture 

of surgical gowns and drapes are truly barrier materials under condit ions of 

operating room use . Moreover , not all woven materials are permeable to moist 

contamination . Strike-through of  contaminat ion may be important as a means of 

disseminat ing b iopart icles into the air with drying , or as a means of delivering 

the wearer ' s  bacteria to the outside for direct contact implantation into the 

surgical wound or onto  fomites . Therefore , it is of some importance to know 

which materials can be depended upon as barriers under specific circumstances . 

Employing a test designed to s imulate operat ing conditions of stress 

such as stretch , and changes in permeability to Serrat ia marcescens were mea

s ured against time . Under condit ions of the test , waterproofed Pima t ight

woven cot ton cloth was found to  be impermeable to moist bacteria through up 

to 75 washing and sterilizing cycle s . On the other hand , untreated Pima 

cloth and ordinary cotton of  the kind used in surgical gowns permitted bac

terial penetrat ion almost immediately , as did the stockinette cufflets . 

Among the nonwoven disposable gown and drape materials , only spread tow 

plastic film compos it e  remained impermeable through all test s , while scrim

reinforced t issue , scrim-reinforced embossed t is sue , spunbonded polyethylene 
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nonwoven fabric , and spunlace nonwoven fabric were considered satisfactory ,  up 
to a point , but became somewhat permeable within a half hour . Other nonwoven 

materials allowed wet bacterial strike-through within five minutes . Choice of 
barrier materials for purposes of  containment of the surgical team, is , there

fore of more than academic interest , and certainly may affect results  of  envi

ronment studies in the operat ing room. Barrier effects of materials cannot 

necessarily be depended upon as a constant (Tables 1 and 2 ) . 

Table 1 . Unopposed Weight-Support Test (2  kg Weight ) 
Bacterial Penetrat ion = + 

Wovens 

Material 5 min 15 min 

Tight weave Pima , Quarpel 0 0 
treated 0 0 

0 0 
0 0 
0 0 

Tight weave Pima ,  Quarpel 0 0 
treated , 55  cyclings 0 0 

Tight weave Pima , Quarpel 0 0 
treated , 7 5  cyclings 0 0 

Tight weave Pima ,  Quarpel 0 0 
treated , 100 cyclings 0 + 

Tight weave Pima , untreated + + 
Linen , new + + 
Linen , cycled twice + + 

(From Laufman , H . , W .  W. Eudy , A . M .  Vandernoot , D .  Liu , and 
C .  A .  Harris , Strike-through of moist contamination by woven 
and nonwoven surgical materials . To be published) . 

30 min 

0 
0 
0 
0 
0 

0 
0 

0 
+ 

+ 
+ 
+ 
+ 
+ 

t 

f 
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Table 2 . Unopposed Weight-Support Test (2 kg Weight ) 
Bacterial Penet rat ion • + 

Nonwovens 

Material 5 min . 15 min . 30 min . 

Spread tow plastic 
film composite 

Wet-laid nonwoven fabric 
laminated to polyethylene 
film 

Scrim-reinforced t issue 

Scrim-reinforced embossed 
t issue 

Spunbonded polyethylene 
fabric 

Spunlace nonwoven fabric 

Wet-laid nonwoven fabric 

Fiber reinforced tissue 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
+ 
0 
0 
0 

+ 
+ 
+ 
+ 
0 
+ 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
+ 
0 
0 
0 

0 
0 
+ 
+ 
0 

0 
0 
0 
0 
+ 
0 
+ 
0 
0 
0 

+ 
0 
+ 
+ 
0 
0 

+ 
+ 
+ 
+ 
0 
+ 

(From Laufman , H . , W. W. Eudy , A . M. Vandernoot , D .  Liu ,  and 
C .  A.  Harris , Strike-through of  moist contaminat ion by woven 
and nonwoven surgical materials . To be published) .  

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
+ 
0 
·o 
+ 
0 
0 
+ 
+ 
0 

0 
0 
0 
+ 
+ 
0 
+ 
0 
+ 
0 

+ 
0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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Charnley and Eftekhar (10) have shown that  wat erproofed t ight-weave 

coverall uniforms ,  used with helmets , did reduce particulat e shedding s i gnif i

cantly even in a directional air chamber . The use of  vacuum suct ion o f  air 

from under such coverall uni forms adds mat erially to  the comfort o f  the wearer 

by enhanc ing evaporat ion , and also prevents perspiration f rom soaking areas of 

the uniform and poss ibly striking through to the st erile surface . 

Bernard and associat es ( 14)  recent ly showed that one-piece shoe-cover 

pant s similar in design to fisherman ' s  waders made of t ightly woven cotton 

worn by the surgical t eam together with hoods , masks, and gloves effectively 

packaged the surgical t eam and produced an airborne biopart icle count of  0 to 

2 . 6  at the wound site in a fully occupied convent ionaily vent ilated room . These 

levels are equivalent to those found in high-flow direct ional air unit s .  

It has not been settled at what periods overkill set s in through 

superimposit ion o f  one �fect ive controlling system upon another . The same 

quest ion must b e  raised relat ive to  the use of  prophylact i� and intraoperat ive 

ant ibiot ics in conj unct ion with barrier containment o f  the surgical t eam ,  high

flow direct ional air syst ems , ult raviolet l ight , or other control systems . It 

is assumed that all common asept ic precaut ions are universally taken in all 

operat ions by members of  the surgical team including adequat e body hygiene , 

adequate hand scrubbing , and full hood to cover all hair . Special precaut ions 

include wearing two pairs of gloves , strict traffic control , controlled ambient 

condit ions such as temperat ure and humidity , and wearing o f  special garb . All 

these factors , as well as others relat ed t o  the physical environment must  be 

known in order to arrive at a meaningful conclus ion from which valid deductions 

pert inent to prevent ion and t reatment o f  wound infect ions can be made . 

Finally , I wish to stand up not in defense of  a stand , but in 

rebuttal -- to  those who would proceed to advise on how t o  reduce the incidence 

o f  wound infect ion in clean-refined operations without hard evidence on which 

to base their advice .  We skeptics are not aga inst cl ean air , nor are we against 

lowering the incidence o f  wound infect ion . We submit that we cannot know the � 
degree to  which various possible influences part icipate in the causat ion of 
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wound �nfections unt il we have more hard data . Until we do , we can only ex

pect to prevent these catastrophic complications either by imprecise , unquanti

fied shot gun methods , or by missing the target altogether through not being able 

to identify it . 
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EVALUATION OF METHODS FOR THE CONTROL OF SURGICAL SEPSIS 

0. M. Lidwell* 

Inf ection of  the wound and the development of  sep s is following a 

surgical operation necessarily involves the se conditions : 

1 .  The presence o f  a source o f  viable microorganisms somewhere 

within the circle of poss ible contact . 

2 .  Dispersal of these microorganisms from their point o f  o rigin . 

3 .  Transfer of a sufficient number of microorganisms to a 

sensit ive site.  

4 .  Pro liferation of  the or ganisms within the wound . 

Prevention or reduction in the risk of s epsis can be achieved by 

me asures which interfere with any one of the above steps . For example , some 

sour ces may be e liminated by the exclusion or treatment of carriers among the 

st aff , or by more effect ive decontamination of the p atient . Dispersal can be 

reduced by improvements in protective clothing or by skin t reatments . Trans

fer to the patient by the airborne route can be minimized by the use of more 

effective ventilat ion sys tems . Reducing the risk of contact t ransfer involves , 

among other things , the prot e ct ion of instruments , swabs , and dressings f rom 

con tamination before or while they are used . Plastic isolators interpose a 

barrier to the deposition o f  b acte ria from the environment to the wound . Some 

form of ultraviolet irradiation may kill organisms which have reached the tis

sue surface . Mul tiplication within the wound may be inhibited by local ap

plicat ion of antisepti cs or by local or systemic ant ibiot ics . 

There are , therefore , not only many ways by which a dose of infection 

may build up in a surgical wound , but an even larger variety of procedures 

which migh t be applied to reduce it . As an additional compl ication , i t is  ra

ther unlikely that the relationship between the size of the bacterial dose re

ceived by the wound and the risk of infection or sepsis will be anything like 

a proportional one. Very wide variat ions in the sus ceptibility o f  the popula

tion at risk wil l lead to a sit uat ion in which large reductions in dose lead 

only to a small reduct ion in the risk. Figure 1 may serve as an illust ration 

* 
Central Public Health Laboratory , Co lindale Avenue , London , England.  
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to make even more apparent a number of obvious consequences . If the dose to 
the wound via contac t  and/or autogenous routes is f airly high , e . g . , the upper
mos t horizontal line in Figure 1 ,  then only if the air is very dirty will im
proved vent ilation or reduction in dispersal lead t o  any reduction in the do se 
to the wound wi th a possible f all in the risk of sepsis . If the infect ious 
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dose is delivered s imultaneously by the contact route and an autogenous source , 

con t rol me thods appl ied t o  either o f  these separately wil l  have l ittle ef fect . 

If , however, substantial improvements can be made in rel ation to both these 

rou tes , i . e . , the dose transmitted f alls to the lower two horizontal l ines , 

then me asures to provide a cleaner air environment may result in improved clin

ical results . The advantage obtained will , however , be  limited by the highe s t  

level o f  dose resulting from any other route . Only if  this is reduced s til l  

further will the attainment o f  the cleanes t atmospheres br ing clinical benefit . 

A fundament al difficulty in reaching a decision as to which p revent ive 

measures should be applied , and which would meri t clinical evaluation , lies in 

our almos t comp lete ignorance as to  the relat ive dose levels arising in the 

d if fe rent pos s ible ways . 

BACTERIOLOGICAL EVALUATION 

The f irs t step towards evaluat ing a contro l  procedure is to establish 

that it is effect ive in its purpose , e . g . , that a suit  of protect ive clothing 

does indeed prevent or very subs tantially reduce dispersa l  of microorganisms 

into the envi ronment by the wearer . Laboratory tests should be followed by in

use tes ts both in order to ensure that some circums tance in the operating room 

s ituation does not vit iate the method used ,  and to es t ablish that it  is compat

ible wi th the o ther requirements of surgical ope rat ion pro cedure . 

Evaluat ions of  this kind can es tablish an o rder of  effect iveness among 

different methods applied to the same point in one of the . rout es  of pos sib le 

infection , e . g . , methods of skin disinfe ct ion for the surgeon ' s  hands . Some 

es timate of  the relat ive reduction in the dose which might reach the wound as 

a r esult o f  replacing one procedure by ano the r can also be made . If this re

duction is only small , then there is little  l ikelihood of any clinical bene fit . 

However , for reasons dis cussed above , even if the relat ive reduction b acterio

l ogically assessed in this way is very large , there is no guarantee that s ig

nificant reduction in the rat e  of  wound sepsis would follow .  

A more direct app roach i s  t o  s tudy the con tamination actual ly reaching 

the wound itse lf .  Al though this is by no means a s imple procedure , it is 
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probably a good deal less exacting than attempting a ful l  clinical assessment 

of the bas is of  change in the r ates of wound infection and sepsis . 

There has been a sufficient number o f  such studies carried out to 

demons trate the feas ibility of this approach , and to estab lish that there is 

a s ignificant correlation between the f inding o f  microorganisms in the wound 

at the end of an operation and the risk of subsequent developmen t o f  wound in

fection . Thus , in a s tudy of over 1 , 000 surgical operat ions (Table 1 ) , the 

risk of subsequent wound infection exceeded 2 5  percent f or the wounds from wh i ch  

S taphylococcus aureus was recovered by bacteriological examination of  washings 

t aken from the wound at the end of the operat ion (6) . The rate o f  subsequent 

wound infection was less than two percent for those wounds from which this 

organism was not so recovered . If al l kinds of microorganisms were considered , 

then the rate o f  wound infection was greater than five percent for those wounds 

yielding washings positive for any bacteria , compared with about one percent for 

those wounds yielding apparently sterile washings . This s tudy was part o f  an 

inves tigation int o  the value o f  ultraviolet irradiation o f  the air o f  the oper

ating room. In the hospital (No . 4 in the s tudy)  carrying out wound washings , 

approximately 40 percent of the operation wounds yielded bacteria on cul ture 

of the washings when there was no irradiation . The irradiation produced only 

a modes t reduction in this fraction , to jus t  under 30 percen t , and no s ignif

icant difference in the risk of wound infect ion was observed . 

Table 1 .  Infection in Wounds Found Contaminated with 
Staphylococcus aureus 

(Number infected/t otal number) 

Wound classification Sta2h . aureus recovered Not recovered 

clean 2 /12  9 /812  

clean contaminated 2 / 9  10/289 

contaminated 2 /4  1 / 31 

dirty 2 /4 2 /25  

total 8/29  2 2 /1157 

percentage 2 7 . 6  1 . 9  

Derived from Postoperative Wound Infections (6) . 

l 
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This correlation between bacterial contamination of the wound and 

subsequent infection did not imply that the in fection was necessar ily , or even 

usually , caused by a s t rain isolated f rom the washings . The sampling proces s 

is necessarily ine fficient . If this were not so , it would itself be a poten

tially highly effective measure for control of in fection . The possibility 

that the sample method may itself affect the prognosis needs , however , to be 

considered ser ious ly . In addit ion to the removal of  bacteria , prob ab ly inef 

fectively , i t  may also remove blood clots and small pie ces o f  tissue which 

might influence the chance of infection developing . In an attempt to assess 

the e ffect of  moving from an old hosp i tal in to new buildings , Davidson , Smi th, 

and Smylie (1) also examined over 1 , 000 ope rat ions bacteriologically by a swab 

and contact plate technique . Some seven percent of the wounds were found to 

be contamina ted with "pathogenic" species at the end of the ope ration . This 

proportion did not dif fe r appreciably in the two environments . Mul ti-regressi�n 

analysis by Davidson , Clark,  and Smith (2 )  showed that bacterial contamination 

of the wound was by far the mos t important factor in determining the outcome 

(Table 2 ) . In conforming wi th the similarity of the rates of contamina tion 

Tab le 2 .  Coefficient s of  Regress ion Equat ion 
for Risk of Wound Sepsis 

Factor Coefficient Standard deviat ion 

1 .  Pos itive wound swab 0 . 364 0 . 04 3  

2 .  Dirty operat ions 0 . 106 0 . 026 

3 .  Old hospital , pre Sept . 1966 0 . 105 0 . 021  

4 .  Age over 60 0 . 091  0 . 020 

5 .  Surgical team A or c 0 . 089 0 . 028 

6 .  Durat ion over 60 min 0 . 069 0 . 018 

7 .  Emergency 0 . 062 0 . 037 

8.  Glove puncture 0 . 058  0 . 025  

9 .  Pat ient a nasal carrier of 0 . 058  0 . 0 31 
Sta2h . aureus 

Data from 1 , 000 operat ions performed by three surgical teams , half  be fore 
and hal f  af ter moving into a new hospital .  
After Davidson , Clark , and Smi th (2 ) . 
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found at the end of operation , the infection rates for primary infection wi th 

St aphylococcus aureus were indis tinguishable in the two environments . The 

difference between the to tal infect ion rates was entirely due to secondary 

(or late)  infec tions presumed to have developed af ter return to the ward 

(Davidson � al . )  ( 3 ) . Jepsen (4)  has carried out a similar s tudy in Denmark. 

CLINICAL EVALUATION 

Demonstration o f  a reduction in the rate  o f  wound infection is the 

only ful ly convincing evidence of the value of  any control measure . For 

assessment of  an t ibio t ic therapy , or treatment of the wound wi th antibact e rials , 

it may be  the on ly appr oach . If infection rates are ve ry high then the s t atis

tical problems are not too great . Thus , Lister , when he introduced the use of 

an tiseptic carbolic acid dressings for covering the wound af ter limb amput ation , 

was able to show a convincing e f fect af ter fewer than 50 operations wi th the 

new technique (5 ) (Tab le 3 ) . Although he himself s t ated that these numbers � 
were too small for s tat is tical significance they do show a probability of over 

9 8  percent by the ,e tes t .  Fortunately for the patients , the infection rates 

in clean elective operations , which are those fo r which the provision of air , 

f ree f rom microorganisms , might seem most like ly to be o f  value , are ve ry much 

Table 3 .  Deaths Following Limb Amputation 
(deaths /number of amputations) 

Year All amputat ions Upper limb only 

1864 7 / 1 7  

1866 9 /18 

1864 and 1866 16 / 35 6 /12 

186 7  0 / 7  

1868 3/17  

1869 3/16 

186 7-1869 6 /40 1/12  

Antiseptic procedures using carbolic acid were in use 
from 1867 onwards . 
After Lis ter (5) . 
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lower . As a consequence , the numbers of operations that mus t be studied in 

order to demons trate a significant di fference between two or more pro cedures 

are usually very large .. From Figure 2 it can be seen that when the con trol 

infe ction rate is about 10 percent , more than 3 , 000 operations mus t be s tudie d 

in each group to determine , at a reasonable level of signi fi cance , whe the r or 

not there is a reduction of 25  percen t in this figure , i . e . , to 7 . 5  pe rcent . 

A s imi lar number would be required to show in the same way a fall to one 

200 -

. so 

1 . 0  1. 5 

NUMIIR OF OBSERVATIONS REQUIRED IN EACH GROUP 

AT THE IND I CATED PERCENTAGE REDUCTION 

2 . 0  

Upp er lines 0 . 9 p robab i l i ty a the 99% 
a i gni icance l evel 

Lower � ines 0 . 9 p robab i l i ty a the 95% 
s igni i cance level 

(Shor t l ines for a s ingl tail test ) 

3 . 0  5 . 0  7 . 0  10 15 
•·  INCIDENCE RATE 1M THE CONTROL GROUP , % 

Fig.  2 

20 
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percent , from an in it ial infection rate o f  two percent , i . e . , a reduction of 

50 percen t .  A simp le rule is that the expected number of infections in the 
2 

control group mus t  be at  leas t 1 , 000 (200-a) / a  , where � is the percentage re-

duct ion chosen as crit ical. The above numbers are tho se required in orde r to 

have a 90-percent chance of demonstrating at the 95-percent level o f  signif i

cance that the p rocedure being investigated is e ffective . 

I t  is clear that in addit ion to the effort required to collect records 

from such numbers of ope rations , there are also like ly to be d ifficul ties in 

ensuring comparable condit ions th roughout the inves tigation . S ince , (in addi

t ion to possible changes in staff  and technique) , there are undoubtedly secular 

changes in the bacterial environment in any hospital , it is essential that op

erations are carried out throughout the same period of time unde r  all the various 

conditions to be compared . Table 2 also shows another obvious requirement . 

There was a substantia l  dif ference in the rates of infection following operations 

perf ormed by the dif ferent surgical teams . Whethe r this was due to dif fer ent { 
carriage rates associated with the members of the teams , variation in surgical 

technique , or to other f actors , it is clear that comparisons between envi ron

mental conditions or procedural differences can only be made if each surgeon 

operates equally under both con trol and trial circums tances . 

PROPOSED INVESTIGAT ION O F  THE VALUE OF ULTRACLEAN AIR IN SURGERY 

The p ractical consequences of some of the points dis cussed above can 

perhaps be bes t seen in a b rief des cript ion of an inves tigation planned to start 

in 19 75 . 

Any benefits of operat ing in an ul t raclean air environmen t are mos t  

like ly t o  b e  apparent in those operations for which the risks o f  autogenous and 
contact infection are lowes t .  In view of the considerab le interes t among ortho

paedic surgeons ,  and be cause mos t of the operations they perform fall into the 

clean-e lective group and include large numbers of s imilar operations , e . g . , 

total-hip replacement , it was decided to study these las t . 

The term ul t raclean air may be considered to imply a level o f  airborne e 
contamination at leas t 10 to 20 times le ss than that attained by convent ional 
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pos i t ive pressure turbulen t ventilation , i . e . , below 10 bacteria-carrying 

part icle s  per cubic meter of air (0 . 3 /ft3
) during ope rations . These levels 

can be ob tained by a variety of installations , and provided a satisfactory 

level of air contamination is achieved ,  there seemed to be no reason to specify 

the type of  equipment .  A further reduction in the exposure to microo rganisms 

arising from the surgeon and his as sis tant  can be ob tained by the use of pro

te c t ive garments of the Charnley body-exhaust type . Three condit ions have 

therefore been chosen for compar ison :  

1 .  Conventional positive pres sure ventilation with clean air at 

not less than 0 . 5 m3
/sec ( 1 , 000 f t 3/min) . 

2 .  Ult raclean air sys tems , e . g . , hor izontal or ve rt ical uni

direct ional flow sys tems or the Charnley enclosure . Both of 

these are to be used with the surgeon and s taff wearing 

conventional operating room dress . 

3 .  Ultraclean air systems with the surgeon an d  his assis t ant ( s )  

wearing a body exhaus t sys tem. 

All surgeons t aking part would have to operate under both conven

tional and ul traclean air conditions . 

The number of observations required depends bo th on the infection 

rate in the control group , and on the reduction in this rate which would be 

considered wor thwhile , and therefore must be detectable with reasonab le con

fidence by the s t udy . Observat ions on be tween 2 , 000 and 3 , 000 operations in 

each group would be needed if reduction of five pe rcent to three percen t or  two 

per cent to one pe rcent were to be shown . The re is no precise way of determin

ing these f igures , so it has been deci ded to plan for approximately 3 , 000 op-

· erations per year over a study pe riod of two and one-half to three years . Ob

servat ions will be made of bo th deep and supe rficial infection . The latter 

is perhaps more relevant to the condi tions in other types of surgery ,  especially 

where there is no foreign body implanted in the tissues . The long delay period 

somet imes associated with deep infection around the artificial hip j oint s  means 

that observa t ions mus t be continued f or up to two years after the l as t  ope ration , 
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b ut fo r a three-year study period over 80 percent of the deep infections should 

be re corded before the end of the fourth year . 

The numbers of operat ions performed annually in representat ive cen

ters ranges from approximately 100 to over 400 .  To observe 3 , 000 ope rations 

pe r  year requ ires 12 to 15 participa ting hospitals . It  is thought that s uf

f icient bacteriological data on wound contamination at the end of the oper ation 

can be obtained from approximate ly 2 , 000 observations in all , and thes e could 

be ob tained from on ly f ive to six cen ters , each of which would observe approx

imately 150 ope rations per year . 

This leads to the organizational plan ske t ched in Figure 3 .  Members 

of the working party wi ll be able to exercise a general overs ight of  the in

vestigation in each area , and in some cases the microbiologists will carry out 

the de tailed bacteriology in a hospital making st udies of wound contaminat ion 

at the end of ope ration . They , and the other microb iologi sts engaged in this 
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work ,  will also be responsible for establishing that the clean air ins t allations 

in the ir own and sele cted other  hospit als are functioning correct ly throughout 

the p e riod of  the s tudy . Further , they will examine , bacter iologically , spe ci

mens from clinically infected wounds in these other hospitals . In their own 

hospit als ,  they will also monitor , with respe ct to Staphylococcus aureus , the 

preoperative carr iage s tate of the patien ts ,  and the carriage s tate of the op

erat in g  room s taf f .  In order to obtain comprehens ive and cons ist en t  recording , 

and the sys temat ic colle ction of bact eriological specimens , each part icipating 

hosp it al will have a records nurse , usually part-time .  All records will  be re

turne d  to the working party for asses sment and analys is . 

OON CLUS IONS 

The s tatis tical , ethical , and logis ti cal prob lems as sociated with 

estab lishing the value , or non-value of medical procedure s are o ften very great . 

They are especial ly so when the chance of  the occurrence o f  the even t to be 

preven ted is small , and the consequences of it to the individual patient are 

grea t .  The deve lopmen t of s cient if ic  medicine has brought us now to the si tu

ation where only a proportion of the compet ing demands for resour ces can con

ceivab ly be met . I t  is , the re fore , as importan t  to decide when a possible 

treatmen t , though harmles s ,  is ineffectual , as it is to es t ab lish the value of 

one that is  ef fective . This wil l demand a greater inves tment of eff ort than 

we have , perhaps , previous ly thought desirab le in such laborious evaluative 

s tudies as I have dis cussed . 
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PROPOSAL FOR AN INVESTIGATION OF THE EFFECT OF ULTRA-CLEAN 
AIR IN OPERATING ROOMS ON SURGICAL SEPSIS* 

0 .  M. Lidwell 

INTRODUCTION 

Experience has indicated that the introduct ion o f  posit ive-pressure 

vent ilat ion for operat ing rooms has led to substant ial reduct ions in the num

bers of airborne microorganisms , and has been accompanied by a reduct ion in 

the frequency of  wound sepsis . Methods for st ill further reduc ing the air 

contaminat ion by a factor of ten or more ( "ult ra-clean air" )  depend on the 

introduct ion o f  sophist icated vent ilat ion systems , and the use of  special 

cloth�ng worn by the surgical team . The claim is made that their use would 

be accompanied by a further reduct ion of wound sepsis , at least in some kinds 

of surgery . However ,  ult ra-clean air syst ems are expens ive , and control led 

assessment o f  their value seems desirable before they are taken into ext ens ive 

use . 

1 . 1 .  Orthopaedic Surgery 

A maj or study of  seps is after toal-hip replacement , by Professor 

John Charnley , shows a nearly ten- fold drop in sepsis rates after the intro

duct ion of his vent ilat ion syst em. There has , there fore , been a cons iderable 

demand for the installat ion of ult ra-c lean air vent ilat ion . 

As is inevitable in such a sequent ial study , there were changes 

dur ing the per iod of st udy . There are those who challenge the assert ion that 

the improvement was wholly or substant ially due to the cleaner air , and be

lieve that a convent ional plenum system would have given comparable result s .  

Publ ished series o f  observat ions after hip-replacement operat ions 

per formed during the last ten years , record in fect ion rates ranging from 0 to 

10 percent on numbers of  operat ions between 100 and several thousand . In most 

of these studies , the recording of  sepsis was a secondary interest , and the 

only consistent criter ion of seps is was breakdown of the j o int , presumpt ively 

related to deep infect ion . These deep in fect ions often become apparent only 

after a considerable per iod . 

*Prepared by a working party set up by the Medical Research Council , 
London , England , as a basis for a cont rolled st udy . Chairman , Dr . 0 .  M. Lidwell . 
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Apart from the data given by Charnley , there is no substant ial 

series that gives any direct comparison between the rat es of  infect ion in 

operations conducted in normally ventilated operat ing rooms and those performed 

under 'ultra-clean " air conditions , although there have been a few smaller 

sequent ial studies with similar conclusions . 

In particular , there are no report s  o f  studies in which substant ial 

numbers of  operations have been carried out over the same period of  t ime in 

either ult ra-clean air condit ions or with convent ional vent ilat ion , all other 

circumstances being similar . 

1 . 2 .  Prerequisites for an invest igat ion 

Infect ion o f  the surgical wound may arise from the patient ' s  own 

organisms , from contact with contaminated obj ects - including the members of 

the operat ing team - or directly or indirectly from airborne bacteria in the 

operat ing room. The provision of  cleaner air can direct ly affect only the 

last of these . Any study of  ult ra-clean air should ,  therefore , be made on � 
operat ions in which the risks o f  autogenous and contact infection are as low 

as possible in relat ion to the risk of  airborne infect ion , i . e . , clean elect ive 

operations las t ing at least 45 minutes . Because the risks of wound infect ion 

vary between different surgical procedures , it is important that the groups 

be comparable in this respect . In view of the interest of orthopaedic surgeon� , 

and of the mct that most of  the operations they perform fall into  the clean

elect ive group and include many s imilar operat ions ( for example ,  total-hip re

placement) it seems convenient to study these operations . B ecause o f  the many 

variables that may differ between surgical t eams , control observat ions would 

have to be made by each t eam with each individual surgeon operating under 

cont rol and ultra-clean air conditions . 

The studies referred to  earlier suggest that for h ip-replacement 

operations , the incidence of deep infect ion , as defined above may b e  as low as 

two percent or even less  for operat ions performed with good convent ional ventila

t ion , and that this rate is dependent on several factors , e . g . , prophylactic  

ant ib iot ic therapy , previous operation on  the  j oint , and whether the j oint 

disease is rheumatoid or osteoarthrit ic . 
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Al though deep infect ion is of  part icular importance in total-hip 

replacement , the genesis of "superfic ial " infect ion is probably closer to the 

c ondit ions relevant to infect ion in other types of surgery , especially those 

in which there is no foreign body implanted in the t issues . Rates for "super

ficial" infect ion in substant ial series of orthopaedic operat ions of less than 

two percent have been reported , but the cr iteria employed are not well defined . 

Charnley has est imated that the incidence of superf ic ial sepsis in his series 

was rather more than f ive percent , assessed at 14 days . 

The extent of the reduct ion in the inc idence of wound infect ion that 

can be cons idered useful is a mat ter for j udgement at a part icular t ime , and 

depends on the consequences of infect ion . In det ermining the s ize  o f  the in

vest igat ion necessary , reasonable cr iteria mi ght be those that would give an 

SO-percent chance of demonstrat ing at the 99-percent level of s ignificance - or 

a 90-percent chance at the 95-percent level - a reduct ion of one percent in t he 

inc idence of deep infect ion , e . g . , from two percent to one percent , or a reduc

t ion of two percent in the inc idence of superf ic ial infect ion , e . g . , from f ive 

percent to three percent . At these level s ,  the number of observat ions required 

under the control cond it ions and under any other circumstances to be compared 

with this , would be at l east 2500 for the "deep " infect ions and 1500 for the 

"super ficial" infect ions . 

Because any one surgical t eam is unl ikely to  perform more than about 

200 hip replacement s in any year with , perhaps , an equal number of other suit

able elect ive operations , the study will have to be mult icent ered . In view of 

the inevit able uncertaint ies involved in the above est imates of the numbers of  

operat ions needed m obtain a reasonably conclusive result , analysis of  t he 

records will be made at intervals as the invest igation proceeds . It will be 

poss ible to  obt ain much more real ist ic est imates after a relat ively short t ime , 

and to modify the study accord ingly . 

1 . 3 .  Wound cont aminat ion 

Wound infect ion direc tly der ived from air contaminat ion in the 

operat ing room must result from microorgani�ms deposited in the wound during 

operat ion . Several studies have shown good correlat ion between bacteriological 

Copyright © National Academy of Sciences. Al l  r ights reserved.

Informal Papers of a Workshop on Control of Operat ing Room Airborne Bacteria, November 8-10, 1974, Washington
http:/ /www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


198  

cont aminat ion of the wound , as  determined by  samples t aken at  the end o f  the 

operat ion ,  and the risk of subsequent sepsis . If  ultra-clean air syst ems are 

o f  any value this should be evident in a reduced amount of wound contaminat ion . 

Experience has shown that samples from operat ion wounds are highly 

variable in this respect , but any dif ference in bacterial contaminat ion l evels 

under ultra-clean air condit ions should be apparent in far fewer examinat ions 

than those necessary to det ermine variat ions in the level of sepsis . 

1 . 4 .  Seps is 

In view of the difficult ies involved in sett ing out a consistent 

agreed-upon de finit ion of "sepsis , " it will be necessary to record obj ect ive 

descript ive criteria for the progress of the wound after operation . 

2 .  THE PROPOSED INVESTIGATION 

2 . 1 .  Operat ing Condi t ions 

There are a variety of vent ilat ing systems and other circumstances 

that influence the bacteriological cleanliness of the air over the surgical 

f ield . Some of  these are : 

2 . 1 . 1 .  None or only ext ract vent ilat ion : air bac t eriologically dirty. 

2 . 1 . 2 .  The accepted present-day standard 

of posit ive pressure vent ilat ion : air fairly clean .  

2 . 1 . 3 .  Pro fessor Charnley ' s  method o f  high 

rate of  vent i lat ion in an enclosure 

containing only the surgeons and 

part of the pat i ent : 

2 . 1 . 4 .  So- called "laminar-flow " vent ila-

air very clean .  

t ion systems , whole o r  part room : air can be very clean .  

2 . 1 . 5 .  Special clothing vent i lated  and impermeable to  bacteria

carrying part icles ; at present associated  with Professor 

Charnley ' s  system . 

2 . 1 . 6 .  Enclosure of the surgical field within a vent ilated plast ic 

envelope , e . g . , the Trexler surgical isolator . 

Type 2 . 1 . 3 . and the many var iat ions o f  2 . 1 . 4 . are the ukra- f 
clean air systems . Because i t  is  the effect o f  the degree of 
bacterial cleanliness of the air that is the obj ect of the 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


199 

invest igat ion , it should be possible to group all the ultra

clean systems together if they attain comparable standards . 

It is not necessary to include " dirty air' condit ions in the 

study . 

We there fore , have the following four set s of  condit ions : 

I .  "Clean" air - st andard pos it ive-pre ssure vent ilat ion . 

II . Ult ra-clean air - Charnley-Howorth or unidirect ional ( "laminar ")  

airflow . 

III . As II but with special clothing . 

IV . Plast ic isolators . 

The first of  these can convenient ly be taken as the control 

condit ion to be employed in a proport ion of  the operat ions performed by every 

team. It seems improbable that the 1000-2500 operat ions required for st at ist i

cally s ignificant evaluat ion of the rates of  seps is in each group can be ob

tained for the plast ic isolators , at least in the near future , so that only 

bacteriological evaluat ion may be pract icable for th is procedure . The use of  

special clothing in a convent ionally vent ilat ed operat ing room is  not included 

because to produce a maj or e ffect on air contaminat ion every per son in the roQm 

would have to be dressed in th is way . In the ult ra-clean air system only the 

surgeon and his assistant int rude int o the air mass that comes into contact 

with the wound . Such clothing might , of  course , cont ribute to reducing the 

risk of  sepsis by reducing the probab il ity of  contact t rans fer of microorganisms 

but th is lies out side the scope of  the present study . 

Therefore , the total number required , divided between condit ions 

I ,  I I , and III , is approximately 7 500 observed operat ions , correspond ing to 

40 team-years . With 15  teams this would take about 2 1 / 2  years . 

2 . 2 . Select ion and allocat ion o f  pat ient s 

The types of operat ion that will be included in the st udy are : 

2 . 2 . 1 . Total-hip j o int replacement . 

2 . 2 . 2 .  Replacement of  knee j o int . 

Other clean elect ive operat ions may be included if  conven ient . 

It is important that pat ient s are dis t r ibuted between the three test 

condit ions without b ias . Strictly random allocat ion is probab ly imprac t icable ,  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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and the met hod to  be used wil l  have to be agreed upon locally with the 

surgeons concerned and the ho spital ethical committee . In most places , it 

will probably be convenient for each surgeon and t eam to alt ernate between 

the test and cont rol c ircumst ances . If this i s  done , the cond it ions should 

be changed at int erva ls o f  no more than s even days to minimize the influence 

of  secular changes in the bacteriological environment .  Al t ernat ively ,  where 

several operat ing rooms are in use , each for a d ifferent condit ion , the sur

geons and t eams may move at s imilar int erval s from one operat ing room to another . 

2 . 3 . Clinical records 

Cl inical and operat ion details for each pat ient included in the study 

will have to be recorded to  check the comparab il ity of  the test and cont rol 

series . These data should al so provide the opportunity to evaluate the signi

ficance of  some of  the pot entially significant variables . The progress o f  

wound heal ing and t h e  subsequent experience o f  the pat ient will be recorded in 

t erms of  obj ect ive descript ive criteria . An assessment of  the inc idence of 

d i ffering grades o f  sepsis will then be made on the bas is o f  these observat ions . 

2 . 4 .  Bacteriological s t udies 

2 . 4 . 1 . Airborne bacteria 

Because the obj ect of  th i s  investigat ion is the influence o f  clean 

air on seps is , it will be  important to  measure the air contaminat ion for each 

set of condit ions . It will not be necessary to do this for every operat ion , but 

only often enough to obtain a good est imate of  the mean and variat ion for each 

set of circumstances in each place . 

2 . 4 . 2 .  Wound contaminat ion 

Infect ion derived from the air o f  the operat ing room must relate to 

bact eria already in the wound when it is closed . I f  the ultra-clean-air systems 

are superior , there should be less wound contaminat ion at the end of  the opera

t ion . By washing out the wound at this t ime , and cult uring the wash fluid , an 

es t imate o f  this can be  obtained . As detected by this method , differences 

between the performances of the various systems may be apparent aft er many 

fewer ob servat ions than are necessary to establ ish dif ferences in the rate of 

seps is . Wound-washing observat ions made after operat ions performed by no more 

than s ix teams should furnish ample data . 
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2 . 4 . 3 .  Wound infect ion 

Bacteriological spec imens should be taken from all wounds that show 

any depart ure from normal at any t ime they are examined . These observat ions 

can then be related to the clinical obse rvations m obtain informat ion on the 

spe c ies of  microorganisms respons ible , and to throw some light on the d isput ed 

role of bacterial infection in delayed breakdown of hips after j o int replacement . 

It is tempt ing to  att empt to relat e the strain of  organisms found in 

each infected wound to those recovered from it at the end of  operat ion , and to 

those carried by pat ient or staff , or found in the air of  the operat ing room 

at that t ime . Reduct ion in the rate of infect ion due to contaminat ed air might 

be expected to be accompanied by an increas ing proport ion o f  infect ions due to 

st ra ins carried by the pat ient be fore operat ion .  But experience has shown that 

such a complete bacteriological picture is very diff icult to obtain , and even a 

l iMited at tempt involves a very large amount of bacteriological work . It will 

be useful , however ,  to obt a in preoperat ive specimens from pat ient s and from the 

scrubbed surgical team in those cent res where wound washout is to be done , and 

to compare typable organisms with any found in the wound , e ither at the end o f  

the operat ion o r  from the abnormal wounds .  

2 . 5 .  !ypes of  cent res 

As has b een indicat ed in the above descript ion ,  it is proposed that 

the observat ions shall be made at two kinds of centres . 

2 . 5 . 1 .  Seps is and Bacteriology ( SB) Centres which will : keep clinical and 

bact eriological records of wound� record wound cont aminat ion (washout ) for all 

wounds , record preoperat ive bacteriology of  nose and perineum for all pat ient s , 

record nose carriage of  swabb ed staff at regular int ervals , and record phys ical 

and bact eriological cond it ions in their own operat ing rooms . 

There should be at least s ix SB cent res , pre ferably , at  least two for 

each vent ilat ion system, e . g . , Charnley or some type of  laminar-flow . At each 

SB centre , the staff will include the local surgical and bact eriological consul

tant s who will need to be ass isted by :  

one full-t ime graduat e microb iologist ; 

one part-t ime laboratory technic ian ; 

one part-t ime in fect ion-record nurse . 
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These cent res would also make environmental bacteriological 

observat ions at the second type of cent re and , where pract icable , carry out or 

oversee the bact eriological observat ions made at those places us ing the Trexler 

plast ic isolator . 

2 . 5 . 2 . Sepsi� Ce�t res  ( S )  which will keep clinical records of  all wounds and 

bact eriological re cords of sept ic wounds .  There should be at least nine S 

cent res in all for the Charnley and the laminar-flow syst ems . At each cent re , 

the local surgical and bact eriological consultant s will need the assistance of 

one part-t ime infect ion-record nurse , as  well as the help provided by the micro 

biologist from the associated SB cent re . 

The precise number and distribut ion of  the cent res , of  both types , 

and the t imes at which they can be brought into the invest igat ion must depend 

on negot iat ion with the individual hospitals . Prel iminary enquiries suggest 

that it should be possible to find enough cent res will ing to take part , but 

that some provision of spec ial equipment , e . g . , vent ilat ion and special clothing i 
is l ikely to b e  required to set up a well balanced invest igat ion within a rea

sonably short t ime . 

2 . 6 .  Out come 

This invest igat ion could give one of three kinds of answers : 

a)  The in fection rate after operat ion in convent ionally vent ilated 

operat ing rooms is appreciable , and is significantly reduced when 

ultra-clean air systems are employed . 

b )  Th e  infect ion rat e i s  appreciable and i s  not significantly 

different if  ult ra-clean air is provided . 

c) The infect ion rate is , in any case , very low under the best 

circumst ances with convent ional vent ilat ion so that the effect 

of ult ra-clean air , if any , is too small to be demonst rable . 

All these out comes -ve an answer to the pract ical quest ion as to 

whether ult ra-clean air systems are of  value , i . e . , a) yes , b )  no , and c) 

the ef fect is too small to be demons trable . 
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EXPERIENCES WITH ULTRAVIOLET LIGHT IN OPERATING ROOMS 
* J .  Drennan Lowell 

The Peter Bent Brigham Hospital is a relat ive newcomer to the use of 

ult raviolet light as a method of reducing airborne bacteria in the operat ing 

room while a surgical procedure is in progress . 

We have used ultraviolet light at the Peter Bent Brigham for years 

as a method of improving the bacteriological isolat ion of our operat ing suites 

from the corridors of the hospital , and we have used similar lights  to help 

isolate pt ient s with known infect ions from un infected pat ient s on the wards 

and f rom the superimpos ition of addit ional infect ive organisms . We use them 

in our critical care unit for burn pat ients , and on occas ion for pat ient s on 

immunosuppressive& . 

Among the problems encountered with in stal lat ion of  the light s in the 

operating room were those of personnel acceptance , especially by the Depart

ment s of Anesthesia and Nurs ing . A solut ion comprising some six steps was 

successfully employed to solve the problem.  

The first of  these was a test of  their effect iveness . A non

pathogenic E .  coli was nebul ized in two of the four operat ing rooms equipped 

with ultraviolet l ight , and air samples were taken with and without light s . 

When the light s  were not illuminated , the concent rat ion of organisms recovered 

was 9 30 / 5  ft
3 

in one room and 310 / 5  ft
3 

in the other . When the light s were 

turned on , even though the nebuliz er was not turned off , there was essent ially 

instantaneous removal of 100 percent of the organisms in one room and 99 . 7 

percent in the other . 

Because their effect was so immediat e ,  we felt we could t ake a 

second step and modify the Duke protocol , and our light s are now not illumina

ted unt il the pat ient is anesthetized , prepped and draped . This made the 

logis t ics of  their use much simpler and much more acceptable to the Anesthesia 

Service whose personnel had vastly easier access to the pat ient during the in

duction period . We turn them off at the complet ion of wound closure and appl i

cat ion o f  the final dressing . 

* 
Orthopaed ic Clinica l  Services , P eter Bent Br igham Hospital , Boston , 
Massachuset ts . 
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J. Drennan Lowell 

The third step was installation of  an autotrans former inside the 

operat in� room , by which the intensity of output from the light s could be reg

ulat ed . 

A fourth step was to teach our circulat ing nurses how to monitor the 
intensity o f  the light s , using a germicidal photometer , compact in size and por
table . Once inst ructed in the technique of monitoring , the c irculat ing nurses 

can then make adj ustment s as needed . The technique was eas ily learned , gave 

them a s ignificant role in the use of  the light s ,  and had a very posit ive ef

fect in reducing not only the ir apprehension but that of the other operat ing 

room personnel as well . The light s are tested with each procedure at t ime of 

illuminat ion , and are spot-checked at numerous t imes throughout their period 

of illuminat ion . Changes in the autotransformer are not often , but occas ion

ally , required .  The intensity o f  light recommended is 25-30 microwatt s/cm
2

/ 

second and is the intens ity we use . 

The fifth step consisted of  monitoring a series of four total hip

replacement procedures with and without light s ,  then circulating the results 

accompanied with photographs of  the fal lout plates , the plates from the volu-

metric air samples and the Rodac agri-contact plates . The fallout plates 

showed a range of 4-8 organisms / ft
2

/minute in each of the rooms before the 

l ight s were turned on . In the room without ultraviolet light , this remained 

at 4 throughout the procedure and after wound closure . In the rooms with 

ultraviolet light , there was a 20- fold drop in organ i sms while the lights were 

on . Even at the end o f  the procedure , when the drapes were removed and there 

was a general st irring up of  the air in the operating room , fallout never rose 

to the earlier levels . The accompanying photographs graphically illustrated 

these findings . One of the pat ients done in the room without l ights  had had a 

renal transplant and was on immunosuppressive& . The problem that arises for 

pat ient s on immunosuppress ive& is well known to our hospital staff and , I ex

pect , to those in most other teaching hosp itals . It was a very happy coinci-

dence that one of the pat ient s monitored during a procedure with lights was a 

member of the anesthesia staff at the Br igham , and it was quite easy for the 

operat ing room personnel to ident i fy with this individual . 

f 
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Experiences with Ultra Violet Light in Operat ing Rooms 

The sixth and final step was to develop a protocol for the use of  

the lights for protect ion of patient and personnel . The protocol consist s of  

the wearing of  goggles , not unl ike ski goggl es , which are commercially avail

able and regularly used in industry ,  or the use of a gamb ler ' s-type eye shade 

in as sociat ion with ordinary eye glasses , temporarily equipped with side 

shields . The skin is protected either by the use of  f ire-resistant paper hoods 

cover ing the exposed areas of the face and neck , or by the use of  a Benzophenone

containing suntan lot ion , such as UVAL or SOLBAR , both of which are commercially 

ava ilable in any drug store . 

Similar precaut ionary measures may b e  taken for pat ient s , although 

usually the pat ient is shielded from the light s by the surgical drapes held 

away from the face and anesthet ic equipment by convent iona lly shaped met al 

support s .  Light s are turned on at the t ime of incision and off at the comple

tion of wound closure . 

In our review of  the Nat ional Academy of  Sc iences--Nat ional Research 

Council study on the subj ec t of  postoperat ive wound infect ions ( 1 ) , we found 

that no ment ion was made of the influence of humidity on the role of ult ra

violet light e f fect iveness as a bactericidal agent . The role is a signifi

cant one and must be reco gnized and apprec iated by any who might consider 

this method of reduc ing bacter ia in the air . Observat ions relat ive to this 

were made by Will iam Wells ( 2 , 3 ) , who stated that when the humidity is above 

the 60 percent level , the bact eric idal power of ult raviolet rad iat ion is 

crit ically affected and drops off  very rapidly . 

Our experience has paralleled that of the group at Duke University 

in that we have found that ultraviolet radiat ion is an extremely e f fect ive 

method of reducing the numbers of viable airborne bacter ia in the operat ing 

theater .  To dat e ,  us ing this technique in conj unct ion with preoperative and 

intraoperat ive ant ibiot ics , we have experienced no in fect ions in pat ient s 

undergoing total-hip or total-knee replacement s at the Pet er Bent Br igham 

Hospital since the ultraviolet l ight s were installed . Pr ior to that t ime , 

our infect ion rate was 1 . 5  percent . 
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ONE CLINICIAN ' S  THOUGHTS UPON ATTENDING THE WORKSHOP 
ON CONTROL OF OPERATING ROOM AIRBORNE BACTERIA 

J .  Drennan Lowell * 

Airborne bacteria are part of  the wound infect ion problem.  

Sources can be  identified and include the pat ient , scrubbed members 

of the surgical team , unscrubbed members of  the surgical team,  and other per

sonnel incidentally present in the operat ing room area . 

The numbers o f  bacteria can be quantified in some measure , by a 

variety o f  methods which allow assessment of techniques used to reduce airborne 

bacterial counts within the framework of one inst itut ion , but do not allow eas

ily compared conclusions between inst itut ions , and some standard izat ion of these 

methods between hospitals is crit ically needed . 

Methods are available to reduce the numbers of airborne bac teria in 

the operat ing room environment . 

At the very least , it would appear tha� a relat ionship can be shown 

between the quant ity of bacter ia in the operating room air and the incidence 

of postoperat ive infect ion in clean surgery . 

The quantitative or qualitat ive relat ionship between organisms found 

in the air to those found in the operat ive wound and subsequently found in in

fected wounds is inadequately defined . At least a part of this problem l ies 

in the deficiency which exists in our being able to culture organ isms in the 

operat ive wound with uniform success in all invest igat ing cent ers . There is 

one report (Burke) in which wound culturing was 100 percent successful in re

covering organisms , whereas most other reports given at the meeting or cited 

elsewhere report only a 20 percent success . 

Unt il such a time as wound cultur ing can be done more successfully , 

any conclus ion as to the existence of  an incontrovert ible relat ionship between 

observed airborne organisms and observed in fect ion must be inferent ial , even 

though this inference may be remarkably st rong . 

Until it is incontrovert ible , our recommendat ions must be accord ingly 

tempered , part icularly with reference to the employment of air handling tech

niques and cannot be in the form of a mandat e .  

* 
Orthopaedic Clini cal Services , Peter Bent Brigham Hospital , Bo s ton , 
Massachuset ts . 
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J.  Drennan Lowell 

Although all of us urge cont inued effort along any reasonable l ine 

to solve the problem of wound infect ion ,  I would specifically recommend that 
one area of endeavor should be along the lines of develop ing a more success

ful method of  intraoperat ive wound culturing . 

t 

t 
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UNIDIRECTIONAL AIRFLOW IN HOSPITAL OPERATING THEATERS 

George F .  Mallison * 

Airborne microbial, contanination in op erating 
thea�rs may contribute, in part, to the risk 
of surgical, trJound infection; but endogenous 
infection, inf ection acquired postoperativeLy, 
and inf ection tranamitted by oontact ar>e of 
greater importance. Other factors such as 
operative technique and host susceptibiLity 
aZso have major inf Luences on the risk of 
acquiring trJOund inf ection. Unidirectiona l, airo
fZCM (UAF) sys tems in operating theaters have 
a potentia l, for reducing the risk of wund in
fection in seZected cir cumstances, but there 
are no oontroZZed st� es to support their 
efficacy thus far>. Hospi taZs ar>e not encouro
aged to ins taZZ these systems untiZ controZZed 
cZinicaZ triaZs document a significant reduc
tion in patient disease, and untiZ popuLation 
groups that might benefit from these systems 
are more precise Ly defined. 

Air f il tration and del ivery sys tems that are apparen tly f ar mo re 

eff icien t than tradit ional air conditioning sys tems in reducing airborne par

ticulate and microbial contamination have recently become available for use 

in hospi tals ( 11) .  These sys tems incorporate ultra-high e f f iciency part iculate 

fil te rs and high rates of air change in an at tempt to achieve clean , relat ively 

unidirectional airflow. They have been variously des cribed as laminar , linear , 

or unidirec tional airflow (UAF ) systems , but the latter term appears mo re de

scriptive of their e f fects in hosp i tal operat ing theaters (5 , 2 1 ) . Several in

ves tigato rs have enthus ias tically recommended conversion to UAF in operating 

the aters (1 1 , 21 ) , but o thers have ques tioned the value of such sys tems for 

rout ine use ( 7 , 9) . A hospital ' s  decis ion regarding ins t al lation of  UAF sys tems 

should be based upon an assessment of the epidemiology o f  surgical wound in

fections and data concerning the efficacy of these sys tems . 

THE EPIDEMIOLOGY OF SURGICAL WOUND INFECT IONS 

Airborne con tamination in the ope rat ing theater is but one of the � many f actors influencing the risk of surgi cal wound in fection . 

* 
Bacterial Diseases Divis ion , Center for Disease Control , Bur eau of Epidemiology , 
At lanta , Geor gia. 
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Surgical wound infect ions may be acquired from numerous poten tial 

human and extra-human reservoirs both at time of  operation and in the pos t

operat ive period (16 , 18) . A pat ient ' s  own f lor a is one potential reservo i r : 

normal fecal f lora is responsib le for a substantial propor tion of infe ctions 

fo llowing int ra-abdominal procedures (24) ; nasal carriers of  s taphylo co cci 

appear to have a higher risk of acquiring s taphyloco ccal wound in fection than 

non- carriers (25 ) ; and trans ien t bacteremia at the t ime of operation may seed 

a surgical wound and resul t  in subsequent wound infection (13) . Exogenous 

reservo irs such as cont aminated air , surgical instruments , med ications , or 

colonized personnel are frequen tly implicated in outbreaks of wound infect ion 

(20 , 22 ) . 

Pathogenic microorganisms may be transmitted to a surgical wound by 

direct  contact , by contamination of a common vehicle ,  or indire ct ly by airborne 

spread . Desp ite numerous at tempts to document the ro le o f  airborne transmis

s ion in the acquisition of  surgical wound infection , i t s  relative importance is 

s t ill unce rtain . Burke demons trated that air adj acen t to open wounds at the 

time of operation is often con taminated with pot en tial pathogens , and he con

s idered the air to be the fin al common pathway responsible for much of the 

universal contamination of clean wounds that he demonst rated (4) . Howe and 

Mars ton , on the other hand , demons trated no relat ionships between var iations in 

ai rbo rne con tamination and the inciden ce of infect ions in cle an surgical wounds 

in a large un control led study ( 14 ) . Ult raviolet (UV) light is  e ffect ive in re
ducing ai rborne microb i al  contamination ( 1 7 ) , but a lar ge and well-con trolled 

s tudy of  the effects of UV ligh t  in the operating room showed a s tatis ti cally 

signif icant reduction in infect ions on ly in very clean surgical wounds when UV 
li ght  was used at the t ime o f  ope ration ; and UV light had no influence on the 

inciden ce of  wound in fection in other  types of surgery (17) . 

Con tamination of a surgi cal wound with pathogenic organisms is nec

essary but not suf ficien t for development of a clinical wound infection ( 10) ; 

from 30 pe rcen t to 100 percen t of wounds of clean surgical pro cedures have been 
shown to be contaminated at the time o f  closure (4 , 17 ) , and mos t healed without 

ev idence of wound in fe ction . Factors influencing the risk of in fe ct ion include 

al terat ions �n ho st sus cept ibil ity ,  surgical technique , and pat terns of  anti- � 
microbial us age ( 8 , 17) . 
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EFFECTIVENESS OF UNIDIRECTIONAL AIRFLOW 

Valid environmental tes ting of UAF sys tems requires sophisticated 

techniques and careful s tudy des ign (15 ) ; many environmental studies purporting 

to demonstrate reduct ions in airborne contamination wi th UAF provide li ttle 

meaningful data because of  invalid sampling technique s or tes t condit ions that 

are no t applicable to the operating theater .  Nonetheless , airborne microbial 

coun ts are probably reduced by these systems . However ,  curren t practi ces in 

operating theaters in the United Stat es gener ally resul t in very low levels of 

airborne cont aminat ion . The benefits result ing from a further lowering of this 

contamination level by use of UAF must be measured by e ffects on patient disease ; 

expens ive o r  complicat ed alterat ions do not seem j ustified un less the incidence 

of infection is s ignificantly decreased . 

Charnley and asso ciates pioneered the clinical use of UAF in to tal

hip replacement s .  As they introduced progressively sophis ti cated me as ures to 

reduce airborne cont amina t ion , they not ed a de finite t rend towards a reduction 

in surgical wound infections ( 6 ) . However , changes in operative te chnique , 

alterations in surgical skill , variations in patien t  select ion , and changes in 

ward care act ivit ies occurring concurrently were not evaluated and played an 

unmeasured role in these uncontrolled s tudie s .  Furthermore ,  they also intro

duced measures to minimize direct cont act transmission . While some inves tigators 

have noted high infec tion rates fol lowing tot al-hip replacement ( 19 , 26 ) , o thers 

have apparent ly achieved infection rate s comparable to Charnley ' s  excellent 

results without use of UAF systems (2 3 , 26) . In a con trol led clinical trial , 

Alpert repo rted a threefold reduction in surgical wound infections with use of  

a patient surgical isolator , but the study des ign was insufficiently des cribed 

to allow interpretation of these data ( 1 ) . 

DISCUSSION 

The exact proport ion of surgical wound in fect ions res ulting from air

borne contamination in the ope rating theater is unknown (2 5 ) , but we believe 

that other factors are generally of greater importance .  A higher relative r isk 

of acquir ing airborne infect ion may occur in certain populations (the very old 

or young ; pat ients with impaired immune systems , or those undergoing pro longed 

procedures that result in ext ensive t issue damage , or that implant a foreign 
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body) . In these select  populations , UAF has theoretical advantages . However , 

t rials such as the UV light s t udy (17)  sugges t that UAF alone may have only 

minimal effect on the incidence of wound infection , even in sele ct popul at ions . 

Thus , unt il the ef fect ivenes s  of  UAF in reducing patient disease is documented 

in cont ro l led clinical trials , we do not recommend that hosp i tals routinely 

ins t al l  UAF devices . 
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PERSONAL ENVELOPE SYSTEM IN THE CONTROL OF  OPERATING ROOM AIR CONTAMINATION 

Jo Miller* 
Geoffrey Richards* 

G. Ross Murphy* 
John Prent is* 

It is now a well-established f act that , in the modern operating room , 

the large maj ority of a irb orne microorg anisms emanate f rom the skin and res

pirat ory tracts  of  the surgical team , including the circu lating nurses , the 

anesthetists and other personnel . This air contamination is of par t icular con

cern to the orthopaedic surgeon , as it represent s one o f  the source s o f  wound 

contaminat ion which may lead t o  infection , parti cularly in the presence of the 

l arge implants used in maj or j oint reconstruc tion .  There has been cons iderab le 

interest in controlling the level of this air contamination , and for the past 

decade most of the attent ion has been dire cte d t owards the use of so-called 

" laminar f low" clean rooms . These installations do not complete ly eliminat e 

the prob lem, bu t they appear to reduce the leve l of air and wound contamination 

( 8 , 10 , 19 , 23 ) , and have , fo r the moment , g ained cons iderable acceptance , in 

sp ite of the fact that they tend to be cramped , noisy , hot and expensive . More 

recently , a ttention has been devoted to other somewhat more s implist i c  ap

p roaches in an attempt to reduce air and subsequent wound cont aminat ion . 

We have postulated that if the " spil ling" into the air of org aniSIIS 

from the skin and respiratory tract of the surgical team could be prevented or 

blocked at its source by the use of new highly specialized operat ing room cos

tumes , then the leve l of air contamination and the degree of risk to the sur

gical wound would be marke dly reduced . It is the purpose of this paper to pre

sent the preliminary results of research in this regard.  

REVIEW OF THE LITERATURE 

The surgical ope rating r oom of the modern ho spi tal is synonymous with 
cleanliness and sterility , but compli cating infe ction persists as a prob lem ,  

involving 3- 10 percent o f  all elect ive operations ( 1 , 22 , 2 5 ) , and the avail abil

ity o f  antibioti cs has no t changed the overall inciden ce of this prob lem in 

* 
Department of Or thopaedic Surgery and Department of Microbiology , The Montreal j 
General Hospital and McGill University , Quebec , Canada. \ 
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r e c e n t  decade s . A l teme i e r  ( 1 ) s t a te s  tha t the ave r age cos t for s e p s i s  

c omp l i c a t ing e l e c t i ve s ur g e r y  i s  $ 7 , 000 per pa t ie n t , and t h e  c o s t t o  t h e  Nor th 

Ame r i c an c ommun i t y  p r o ba b l y exceeds t e n  b i l l i on d o l l a r s  a year . 

I t  i s  proba b l e  tha t s e ps i s  or i g ina t e s , in the large ma j or i t y  o f  

c a s e s . wi t h  c on tamina t i on oc c urr ing dur ing t h e  c o ur s e  o f  s urgery (4 ) . I t  i s  

now r e c ogn i z ed tha t a i r borne m i c r oor gan i s ms i n  the oper a t ing r oom are a n  im

por tan t s ourc e o f  c ontam ina t ion and a threa t to the c l e a n  s ur g ic a l  wo und ( 9 , 14 , 

1 5 , 2 3 ) . 

Many s t ud i e s  have s hown tha t the a ir in the emp t y  opera t ing r oom i s  

a lmos t fr ee o f  organ isms ( 10 , 2 1 ) , b u t  bec ome s inc r e a s ing l y c ontamina ted a s  the 

r oom i s  oc c up ied by the s ur g i c a l team . It is obv i ous tha t mos t o f  the c on t am i 

na t ing orga n i s ms or i g ina te from t he s k in and r e s p i r a t or y  trac t o f  t h e  pe op l e  

who s t a f f  t h e  r oom ( 3 , 9 , 1 1 ) . Th er e i s  grea t var ia t i on from ind ivi dua l t o  i n 

d i v i d ua l in the number and c harac ter o f  or gan i sms r e leas ed i n t o  t h e  a ir .  S ome 

ind i v idua ls d e s c r i be d  as " s hedder s "  or " d i s pers ers " ma y re le a s e  unus ua l ly l a r g e  

numbers o f  S taphy l o c oc c us a l b us , the organ i s m  mos t c ommon l y  found on the s k in ,  

whi l e  o t h e r s  ma y re l e a s e  s ign i fic an t numbe r s  o f  ver y v i r u lent p a thogens , e i ther 

be c a us e  t h i s  i s  "norma l "  for tha t per s on or bec a us e of the pres enc e o f  a l oc a l 

pur u lent l e s i on .  

The norma l ind i v i d ua l s h e d s RBny thousand s o f  v i a b l e  par t ic l e s  per 

m i nu te ( 2 6 ) , a nd t h i s  d e s q uama t ion i s  in no wa y c o n tr o l led by the c a ps , ma s ks 

and gowns i n  c urren t us e ( 7 , 1 2 , 1 3 , 1 6 , 2 0 )  wh i c h  a r e  e s s en t ia l l y i d e n t i c a l  to 

t h o s e  us ed 60 years ago ( 1 7 , 24 ) . S ome s t ud i e s  have s ugge s t e d  tha t c l os e l y 

woven or imperv i o us fa br ic s m i gh t be o f  s ome va l ue ( 7 , 1 3 , 20 ) . 

S ome e f for t h a s  been mad e  t o  i de n t i. fy the exac t por t ion o f  the bod y 

r e s pons i b le for t h e  ma j or par t o f  a i r c on tamina t ion ( 20 ) , and s ome new types 

of a t t i r e  have appe a r e d  de s i gne d t o  c o n tr o l the pr o b lem . The s e  i nc l ud e  hood s 

o f  var i o us d e s i gns , new mas ks w i t h  or wi t h o u t  exha us t s y s t ems , and gowns o f  

s yn t he t ic fa br i c s , wh i c h  are s ai d  to b e  mor e imperv i o us t h a n  t h o s e  o f  s tand ard 

c o t t o n  fa br i c . 
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Personal Envelope System 

THE PREVENT ION OF AIR CONTAMINATION 

It is postulated that if the spill of micro organisms from the 

surgical team into the air is to be prevented ,  two requirements mus t  be satis

f ied : the f irst i s  that cos tumes mus t  be designed to cover a ll part s  o f  the 

body which are sources of bacterial contamination ; and secondly , that a mate
r ial must be used which is complete ly impervious to airborne organisms . This 

leads t o  a third requirement : that moisture and heat accumulating beneath the 

costume must be carried away , and to satisfy this , a total-body exhaus t sys tem 

would be essential . An additional advantage of an exhaus t  system is that it 

produces a negative pressure within the cos tume , so that at the p oints  where 

essential parts , such as anas , protrude fran the costume , the flow of air will 

be from outside in .  

METHODOLOGY 

The experiments t o  be described were all carried out in an empty 

operating roan of standard dimensions , supplied by f iltered outside air , with 

approximately twenty changes per hour . The room was subj e cted to routine 

cleaning by the operat ing ro an housekeeping s taff ea ch day pre ceding the experi

ments . The air in the operating room was sampled using a Casella samp ler which 

passes 25 cu /ft of air per minute over a b acteriological culture plate . Each 

of the sequent ial plates represented a five-minute period of  sampling . 

A "mock operating room team" was assembled , made up of a small number 

of individuals who took part in most of the experiments . A standard activity 

pattern was devel oped which yielded reproducible results in terms of air con

tamination , providing a consistent ba se line upon which the investigations were 

super imposed . 

In a ll experiments ,  the operating ro an  was allowed t o  stand emp ty 

for 15 minutes , followed by the introduction of the "mock operating room team" 

which carried out its as signments f or a period o f  5 minutes .  F ollowing this , 

the room was once again allowed to " rest" f or 15 minutes  with air sampling be

f ore the next experiment was carried out .  

' 
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The a ir in the empty opera ting roan was found to be virtually free 

of organisms , but the entrance of personne l was always attended by a sharp 

increase in contamination ; within 15 minutes after the room was vacate d the 

count s retumed again to the base line . The se f indings were consistent and re

producib le fran day t o  day .  

Reservoir Effect 

It  was pos tulated that org anisms introduced into  the operat ing roan 

air during one experiment might settle ont o  various surf aces , and might be 

remobilized by ac tivity and turbulence during a subsequent experiment , resulting 

in artifa ctual da ta. To exp lore this point , the operat ing room was occupied by 

the "mock operating r oom team" dres sed only in standard scrub suits , caps and 

masks ; they pursued the s tandard activity pat tern for f ive minutes with the ex

pe cte d  increase in air cont aminat ion . The roan was then vacated and allowed to 

rema in emp ty for 15 minutes , at which time large fans whi ch had p reviously 

been p la ced in the room were started in order to produce air turbulence . This 

fai led to produce an increase in the level of airbome microorganisms . It ap

pear s , there fore , that there is no reservoir effect , and that organisms intro

duced into an operating ro an are either carried away by the air conditioning , or 

set tle out on sur faces , and are not effectively remobi lized . 

Opening and C losing of Doo rs 

It has  been said that the opening and c los ing of door s in operating 

roans pro du ces turbulence whi ch increases the level o f  air cont amination . With 

samplers functioning in an emp ty operating r oom ,  the doors were opened and 

closed repea te dly from the outs ide without any increase in the level of air con

tamination . When the experiment was repeated by individuals inside the operat

ing room opening and closing doors , the re was a significan t  rise in the air 

count .  Obviously ,  the opening and closing of doors and the at tendant turbulence 

in itself is no t of imp ortance . 
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Personal Envelope System 

Number of Peop le and Leve l of Activity 

Studies were carried out to document the re lationship between the 

number of people in the operat ing room , their level of activity , and the 

as sociated level of airborne organisms . In sequent ial experimental periods , 

increas ing numbers of people f ollowed the s tandard activity pattern in the 

operat ing roam with air samp ling . Figure 1 indicates the direct relationship 

between the number of people and the level of air contamination . 
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Fig . 1 .  This histogram summarizes the relat ionship between the 
number of peop le in the operat ing roam and the level of air con
t amination . As in all of our s tudies , the "mock operating room 
team" occupied the roam for five-minute experimental pPriods , 
divided by 15-minute intervals , during which time the operat ing 
room was empty . Air sampling cont inued throughout . 

Ir. sequential experimental periods two members of the "mock operating 

ro am team" pursued increasing leve ls of activity , with proport ional increases 

in the level of air contamination , as summarized in Figure 2 .  
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Fig . 2 .  The relationship between the level of activity of 
the "mock operat ing room tean" and the concentrat ion of airborne 
organisms is summarized in this hist ogr am. 

THE COMPLETELY OCCLU SIVE "ENVELOPE" SYSTEM 

A relatively crude exper iment was devised to estab lish whether or not 

the operating room environment could be protected fran the org anisms normally 

released from the skin or respir atory tract.  A l arge occlus ive p olyethylene 

"bag" (Fig . 3 )  was devised with legs , but no openings for arms and head. Mem

bers of the "mo ck operat ing r oom tean ," dressed in this costume , entered the 

operat ing room and pursued a st andard activity pattern for five minutes . Fifteen 

minu tes l ater , as a contro l ,  the same members entered dres sed only in scrub suits , 

caps and masks , and again pursued the same activity pa ttern for five minutes . 
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Fig . 3 .  Oc clusive polyethylene "bag" used experi
mental ly.  Mo ck  operations carried out with the team 
dres sed in these garments resulte d in no increase in 
airborne organisms . 

' 
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Fifteen minutes later , the same group re-entered the operating ro am ,  once again 

dres sed in the polyethylene bag s .  The findings are summarized in Figure 4 ,  

whi.ch shows the members of the operating ro om  team did not cont aninate the air 

when dressed in plastic bags , but , in contrast , produced heavy cont anination 

when dressed in scrub suits .  I t  is interest ing t o  note that 15 minutes later , 

when they re-entered the operating room in plas tic bags , they were unable to re

mobilize the organisms released during the s crub suit phase moment s earlier , 

once again verifying that there is no reservoir effe ct in the well-maint ained 

operat ing roam .  
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F ig .  4 .  "Mock operat ing room team" dres sed in plastic bags 
produced no increase in the number of airborne org anisms , in contrast 
to heavy increase when they wore st andard scrub suits , caps , masks 
and gowns . 
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FABRIC STUDIES 

The occlusive bag was utilized as a vehicle to study the effe ctive

ness of various fabrics whi ch are commonly used in the manufacture of operat ing 

room costumes . Bags were made of operating ro om cott on (Fig . 5 ) , a p atented 

closed woven fabric , and disposab le paper f abric . The same members  of the "mock 

operating ro om team" wore these costumes in sequential experiments , and the 

findings are summar i zed in Figure 6 .  The degree of air cont amination is directly 

propor tional to the inadequa cies of  the material in containing desquamated o r

ganisms . The fabric is , of course , subj e cted to the various def ormat ions , 

stresses and local pressure differentials which would be generated in any co s

tume in common operating room usage . 

Fig . 5 .  Experimental costumes 
were als o manufactured from cotton 
and o ther fabri cs . 
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Fig . 6.  This histogram summarizes the effectiveness of 
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To canpare the effectiveness of these bags with the j ump suits worn 

over street clothes by visitors and with scrub suits , studies were carrie d out 

which are summarized in Figure 7 .  
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Fig .  7 .  The effectivenes s of various materials in cont aining 
microorganisms is contrasted in this histogram with the effective
ness of scrub suits , and with jump suits over stree t clothes . 
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The results of the experiments reported here indi cate that the 

empty operating ro cm is a suitable " laboratory" for the s tudy of air contani

nati on emanating from members of the operating room team . This contamination 

can , in the experiment al setting , be controlled by the use of a comp lete ly 

occlusive and impervious cos tume . Various materials have been evaluated and 

have been shown t o  be more or less effective with respect to their ability t o  

contain organisms f rom the skin an d  respiratory tract . Studies are continuing 

and involve the development of a practi cal one-piece s crub suit , wit h  ams pro

truding , made of impervious material , and used with a total-b ody exhaust sys tem .  

Al l  individuals in the surgical operating room will b e  required to 

wear this gament , which may diminish markedly the leve l of air contamination 

during the course of surgery .  The surgeon , his assistant and the scrub nurse 

will , as at present , use the sterile gown to prevent contamination by cont act . 

The importance of an o cclusive head gear is still being studied. 
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CLEAN AIR SYSTEMS 
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One of the mos t controvers ia l  issues in surgery today is the use 

of  laminar airf low sys tems in the operat ing room . The controversy and mis 

unders tanding are compounded with the term " laminar f low" s ince there is no 

rea l ly true laminar f low as it  is  us ed in the operat ing room . 

Many s tatements have been made concerning laminar air f low sys tems , 

or , more prec is e ly ,  c lean a ir s ys tems . Ques t ions have been raised regard ing 

the des ign of units , the d irec t ion of a ir f low , premarke ting tes t ing , the fed

eral role in legislat ion ,- and the medico-legal implicat ions of infect ion as 

re lated to c lean a ir sys tems . Unfor tunate ly ,  because of these imp l icat ions 

and a lack of informat ion regard ing c lean air s ys tems , the issue has become 

a lmos t too controvers ia l  to discus s . Therefore , only meager informat ion on 

c lean a ir s ys tems has been ava i lab le to the or thopaedis t . Rumor , impress ion , � 
and dogma have been subs t ituted for the sc ienti f ic s tudy and s ta t is t ica l eva lu

ation that we usua l ly re ly upon . 

The concept of c lean a ir is of common interes t to the ecolog is t  and 

the s urgeon , although the ad jec t ive "c lean" has s omewha t  d i f ferent connotat ions 

to each of these s c ientis ts . At tached to the concept of c lean a ir and laminar 

a ir f low is an unfor tunate emotiona l reac t ion . One mus t separate fac t from hy

pothes is and a t tr ibute to these  c lean a ir sys tems on ly those fac ts we know . 

I f  unpr oved features are dogma t ica l ly attr i buted to the c lean air sys tems , they 

wi l l  detrac t from what appears to be a logical , use fu l , and e ff ic ient ad junc t 

in reduc ing bac ter ia l contaminat ion of s urgical wounds . 

The or thopaed ists ' interes t in c lean a ir was fur ther s t imulated 

when tota l- hip rep lacement ar throp las ty was deve loped for the treatment of 

d is eases of the h ip . An infect ion in the tota l - h ip rep lacement arthrop las ty 

or tota l - knee arthrop las ty s i tes may res u l t  in fai lure of the operation . This 

is in contras t to the usua l ly exce l lent results obta ined with these operat ions .  

Als o ,  tota l -hip and tota l - knee rep lacement ar throp las ty may be a more sens itive � 
indicator of infec t ion than many c ommonly used laboratory bac teria l tes t ing 

systems . The large dead space s urr ound ing the operat ive area and the sma l l  
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amount of l iving t issue in contac t with the large endopros the s is are fac tors 

that encourage bac ter ial growth . Fur thermore , ma ter ia ls such as acryl ic bone 

cement and high dens ity po lye thylene , wh ich are not ent ire ly iner t ,  may also 

increase the like lihood of infec tion .  

HISTORICAL CONS IDERATIONS 

In c ons ider ing the mer its of the c lean• air sys tem in total-hip 

rep lacement ar thr op las ty,  the h is tor ica l  bac kground of infec t ions and pas t 

attempts to erad icate infec t ion should be reviewed . Lis ter ( 16)  proposed the 

conc ep ts 

the ra te 

asept ic 

s ter i le 

s ter i le 

concede 

of ant isept ic surgery , and with the appl ication of these pr inc iples 

of infec t ion decreased . His concepts led to the present era of 

sur gery,  which inc ludes preoperat ive skin c leans ing c ombined with a 

scrub of the operat ing r oom personne l ,  s ter i le rubber g loves and mas ks , 

drap ing equipment , s ter i le c lothing , and s ter i le ins truments . One mus t 

that there is no subs t i tute for s tr ic t  adherence to· s tandard asep t ic 

surgica l techn iques .  In 1888 , Moynihan (20)  s tated that two- thirds of his pa

tients d ied of infec t ion after he had opened the bel ly .  In 19 15 , Brewer (4 ) 

showed that  the infec t ion rate after c lean operat ions was 3 9  percent . In 1933 , 

Me leney ( 18) repor ted that adherence to asept ic technique , r igid res tr ic t ion 

of movement within the opera t ing room , careful preparat ion of the pat ient , and 

gent le hand l ing of  t issue reduced the inc idence of ser ious wound infec t ion 

from 4 to 1 . 7  percent and of minor infec t ion from 10 to 5 .4 percent . In a 

s imi lar s tudy , McKissock � al . ( 17 ) reduced the percentage of surgica l infec

tions from 15  to 1 . 1 percent . More recent ly ,  Henderson and Kornblum ( 12 )  were 

able to hold the percentage of  ser ious infect ions in 3 , 290 operations to 1 . 7  

percent ; S tee l ( 2 9) reduc ed his infec tion rate from 15 to 0 . 58 percen t . 

From these s tud ies , s imi lar cr i ter ia for reduc ing the inc idence of  

infec t ion have been e s tablished : r igid res tr ic t ion of movement in  the operating 

room ,  espec ial ly res tr ic t 4.on of the inadver tent vis i tor ; care ful , thorough prep

arat ion of the pat ient and the operat ing room personnel ;  gentle handling o f  

tissue ; and an intangible - - the a ler t ing o f  every on e  in the hospi ta l  to the 

prob lem of infec t ion .  
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SOURCES OF INFECTION 

A lmos t everyone agrees that surgica l wounds , at  the t ime of 

operation ,  can become infec ted . There is less  agreement whe ther mos t infec 

t ions are endogenous or exogenous , animate or inanimate . However , cer tain 

fac ts are known . Wound infect ions are d irec t ly re lated to the type of organism 

that may find its way into the wound , the hos t ' s  abi l ity to combat infec t ion , 

and the number of bac ter ia depos i ted in the wound ; and of course , there mus t 

be a chance of depos it ion of bac ter ia into the wound for the deve lopment of 

infec tion .  

A s ingle individua l sheds 5 , 000 to 55 , 000 par t ic les per minute , 

depending on how recen t ly he showered and on the kind of c lothing worn . The 

phys ica l ac t ivity of the surgeon and others in the operat ing room d irec t ly 

affects the par ticle and bac ter ia l counts and also affec ts the c irculation of 

bac ter ia in the a ir . Convent iona l operating room air may c ontain as many as 

10 to 15 bac ter ia per cubic foot and as many as 250 , 000 par t ic les per cubic 

foot . 

The f ine cotton surgical gowns and drapes have apertures large 

enough to a llow par t icula te matter and accompanying bac ter ia to pas s through . 

Charnley and Eftekhar ( 6 )  have shown that 50 percent of  the s ur face of  suc h  

gowns is contaminated at  the conc lus ion of  a tota l- h ip rep lacement ar throp las ty .  

S ince the surgeon and operat ing room personne l are s ources o f  bac ter ia , and 

s ince the ac tivity pumps par t ic ulate ma tter
. 

over the wound , there is l i t t le 

ques t ion that if  one re leases  par t ic les with at tached bac ter ia above the wound , 

they wi l l  be depos i ted into the wound . Even the mos t  s taunch nonbe liever in 

airborne contamination wi l l  agree that bac ter ia should not be depos i ted into 

an open wound . In l ight of the knowledge of airborne contaminat ion of the 

wound s ite ,  what at tempts have been made to erad icate contamination and c lean 

the air of the operat ing room? 

U l traviole t l ight has been used to reduce the inc idence of wound 

infect ion by reduc ing the number of airborne bac ter ia . The res ults are inter

es t ing . U l traviole t l ight does decreas e the amount of bac ter ia l contamination 

in the operat ing room ,  but a doub le b l ind s tudy , us ing dummy lamps in one room ,  

I 
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showed that the infec t ion rate was a lmos t ident ica l wi th and without the 

ultraviolet light . In reviewing the results of this s tudy ,  it is c lear that 

, a l l  the cases in th is por t ion of the s tudy were the so-ca l led unc lean cases 

(1 1 , 2V ·  Wben on ly ultrac lean cases were cons idered such as those in recon

s truc t ive surgery , the d i f ference in the two groups was s ta t is t ica lly s igni fi

cant . C leaning the airborne contaminat ion by  ultraviolet l ight reduced the 

infec tion rate . In genera l ,  in th is s tudy there wou ld have been 30 fewer 

deep wound infec tions if ultraviolet l ight had been used in ultrac lean cases . 

Therefore , there are data and logic in support of attempts to reduce 

air borne contamination .  A lteme ier and Levenson ( 1 ) have pointed out that in

fec tions deve loped pos toperat ive ly in an es t imated 1 , 39 1 , 000 pat ients at a 

cos t of  $ 7 , 000 per pat ient , wi th an over a l l  cos t  of 9 . 8  b i l lion dol lars for 

the control of wound infec t ions . This is a s ignif icant s um ,  but on ly the 

ind ividual affec ted and the surgeon can tru ly unders tand the suffer ing and 

d isa b i l i ty that occur with ser ious deep wound infec t i on .  Mone tary and humani

tar ian needs j us t ify all rat ional attempts to reduce wound infec tion .  

LAMINAR AIRFLOW SYSTEMS 

The fir s t  use of laminar air borne contaminat ion contro l  was by the 

aerospace indus try in the ear ly 1960s . I t was no ted that any sma l l  par ticulate 

matter could contaminate gyroscopic equipment in missile guidance systems 

and cause malfunct ion . Part iculate mat ter as small as that in cigare t t e  

smoke could be responsib le for  contaminat ion . Whit field (31 ) pioneered 

the use of laminar airflow systems to  reduce contaminat ion . 

Laminar air f low can be descr ibed as the f low in which the ent ire 

body of air within a confined area moves at a uniform ve loc i ty a long para l le l  

flow lines . Th is pr inc iple was mechanized and then app lied to the aerospace 

indus try . Recent ly this type of c lean air techno logy has be en app l ied to the 

operat ing room . In th is type of environment , the sys tem f i l ters out par t icu

late matter wi th at tached microbia l organisms be fore it enters the s urgica l 

area . Th is is done by a high e f f ic ienc y f i l ter s ys tem . The fi lter s ys tem 

now used in surgica l suites provides what is known as Clas s 100 air . 

Class 100 air is one in wh ich each cubic foot of a ir contains not more than 

100 par t ic les 0 . 5  micron or larger in d iame ter . 
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Laminar f low c lean a ir rea l ly does not exist  in the operat ing 

room . Persons or objec ts in the room ,  such as the surgeon or surgical too ls , 

dis tur b  the air f low pattern , and the air becomes tur bu lent . Thus , in a l l  

laminar c lean rooms the a ir is turbu lent . "C lean a ir room" is a more accurate 

and acceptable descr ipt ion than the term " laminar . "  It is also c lear that in 

des igning and using c lean air sys tems , it  is necessar y  to proper ly p lan and 

use the surgica l area , s o  that any turbu lence or eddying of current is red uc ed , 

and does not occur over the surgica l s ite . 

One type of  c lean a ir sys tem that  has been used is a wal l- less 

hor izonta l sys tem cons is t ing of two par ts - a se lf-contained b lower f i lter 

sys tem , which prope ls a hor izonta l f low of Class 100 air , and a vacuum aspira

tor sys tem for the surgeon (22 ) .  A b lower module p laced at  one end of the 

operating room prope ls a f low of c lean air across the operat ing room .  The 

hor izonta l sys tem sends a ir f low in one d irec t ion , and in th is manner par tic les 

are removed from the operating area . This sys tem produces approximate ly 200 � 
a ir changes per hour in the room , compared with 12 air changes in the s tandard 

operat ing room .  The 200 changes deve loped by the hor izontal sys tem are for 

the ent ire room ; over the wor k s ite there are about 500 changes of  a ir per 

hour , and par t ic les  shed by the surgeon and s taff are swept away from them and 

across the room .  The a ir then rebounds from the oppos i te wa l l ,  turns later a l ly 

along the wal l  and enters the f i ltrat ion sys tem , the modu le , a t  the s ide . A 

high e f f ic ienc y par t iculate air fi lter l ies in the front of the module beh ind 

the per forated meta l cover . The fi lter is 99 . 9  percent effec t ive in removing 

part iculate mat ter with attached bac ter ia and viruses . 

A bac ter iologica l s tudy was des igned to determine the e ffec t iveness 

of  a hor izonta l-wa l l - les s  c lean air sys tem in reduc ing bac ter ial contamination 

in the operat ing theater . One operating theater was chosen for s tudy and all  

inves t igat ions were done in  this room .  The same surgeon , number of qperat ing 

r oom personne l ,  and nurs ing s taff were used for each c linica l evaluation . Pa

t ients undergo ing tota l-h ip rep lacement ar throplas ty were chosen for c l in ical 

s tudy ,  none showing evidence  of previous or secondary infec t ion .  The pat ient � 
and operating room pers onne l were ident ica l ly prepared pr ior to surgery , and all  
pers onne l in the operat ing theater wore hoods , gowns and foot c over ings . The 

door s  of the operat ing theater were taped c losed and any entry was noted . 
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Five TDL s lit  samp lers were pos i t ioned in spec i f ied locat ions and 

labe led A , B , C , D ,  and E .  The le tters des ignated the fol lowing s ites : A - in

s trument table ; B - s ide oppos ite surgeon ; C - anes thes ia area ; D - wound s i te ;  

E - c lean air f i lter ex it  (see schemat ic representat ion) . The samp ler at the 

wound s i te was s omewhat d i f ferent ly pos itioned from the res t . A me ta l tube 

4� inches by 15/ 16 inches was connec ted to the s l it samp ler wh ich was at tached 

to a t igon tubing 2 1  inches by 1 6/ 16 inc hes and ' a  me ta l tube 9 6/ 16 inc hes by 

15 / 16 inches . The me ta l  tube and f lexible p las t ic tube were passed beneath 

the surgical cover ings , incorporated into the drapings and taped into pos i t ion .  

The tube d id not d irec t ly contac t the pat ient ' s  s kin and was pos i t ioned on ly 

after adhes ive skin c over ing had been appl ied to the thigh . 

Three tissue samp les were taken at s urgery ,  incubated in b lood agar 

p lates at 35 0 C and co lony forming unit  (CFU) counts made at 48 hours • .  

The TDL s l it samp ler used in this s tudy was made by Engineer ing 

Deve lopment and Produc ts , Incorporated , Decatur , Georgia . The samp ler is a 

spr ing dr ive mode l-A wh ich operates by a s imp le gear mechanism . A p las t ic 

Petr i d ish ( 100x l5 mi l l ime ter s containing 10 cc of b lood agar med ium) was 

p laced on an ad j us tab le s tage wh ich rotated at  a speed of one revolution per 

hour . The med ium d id not touch the samp ler exc ept at the leve l indicator , 

wh ich is a contac t point in the center of the Pe tr i d ish . The top edge of the 

ind icator is the point of re ference used in de termining the s tar t ing point 

from the d ish . A witness mar k on the dish  is matched to the refer ence ind ica

tor . Al l samplers were cal ibrated with a Wr ight ' s  respirome ter , and were 

found to draw one cub ic foot , p lus or minus 100 c ubic inches of a ir per minute 

( inc lud ing the samp ler with tubing at tached ) . 

The p lates were c o l lec ted after surgery and placed in a 35° c 
incubator for approx imate ly 48 hours . The p lates were examined with a Quebec 

co lony counter , and the colonies counted counter -c loc kwise in twe lve equa l 

d ivis ions on the p lates . Each d ivis ion represented a five -minute per iod . The 

colony c ounts were recorded in co lony forming units per minute per cubic foot 

of a ir . The presence of l int on the p lates is also  rec orded , and ind icated as 
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degree by either scattered l int (wh ich means s light ) or d is t inc t lint ( which 

means a de fini te line of  lint . )  

RESULTS 

The operat ing theater s tud ied showed the fo l lowing leve ls of  

bac ter ia l  contaminat ion when the operat ing room was comp le te ly empty (Fig . 1 ) . 

Figure I 

Clean Air Unit Of f 

Room Emp�y 

A = 2 . 4 CFU /CU FT /MIN 
B = 1 . 8  CFU/CU FT /MIN 
C = 1 .  9 CFU/CU FT IMIN 
D = 2 . 2 CFU/CU FT /MIN 
E = 2 . 0  CFU/CU FT /MIN 

The same empty operating room showed a s ignif icant decrease in the 

leve ls of contaminat ion of air samp l ing when a c lean a ir sys tem was turned 

on (Fig . I I ) . 

F igure I I  

Clean Air Unit On 

Room Empty 

A = 0 . 2  CFU/CU FT /MIN 
B = 0 . 1 CFU/CU FT /MIN 
C = 0 . 2  CFU/CU FT /MIN 
D = 0 . 4 CFU/CU FT /MIN 

The bac ter io logical  contaminat ion of the oper at ing theater was 

samp led in f ive d i f ferent s ites dur ing tota l-hip replacement ar throp las ties 

in a s tandard operat ing theater without the c lean air sys tem func t ioning . The 

leve ls were s igni f icant ly h igh (F ig .  I I I ) . 
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Figure l i i  

AVERAGE CFU/CU FT/MIN . AT 5 SITES 
DURING TOTAL HIP REPLACEMENT 

STANDARD O. R .  

A 
B 
c 
D 
E 

( 1 5 )  

7 . 2  
9 . 9  
8 . 5  
6 . 3  
9 . 8  

Under ident ica l cond it ions , the samp l ing was per formed dur ing total

h ip arthroplas ty when a c lean-air sys tem and an aspirator sys tem were turned 

on .  The leve ls of bac ter ia l contaminat ion were s ignificant ly lower (Fig . IV) . 

Figure IV 

AVERAGE CFU,tU FT/MIN AT 5 S ITES 
DURING TOTAL-HIP REPLACEMENT 

CLEAN AIR SYSTEM Qti 

A 
B 
c 
D 
E 

( 15 )  

0 . 1 
1 . 24 
2 . 32 
1 .4 
0 

p < 0 . 02 
p < 0 . 02 
p < 0 . 05 
p. < 0 . 00 1  
p < 0 . 00 1  

A third por t ion of the s tudy wa s  per formed when the c lean eir 

sys tem was func t ioning dur ing a tota l• h ip replacement ar throp las ty , but the 

aspirator sys tem was shut off . The bac ter io log ical leve ls were s ta t is t ica l ly 

unchanged . 

PART II 

The data in Par t I s howed that the use of an aspirator sys tem d id 

not fur ther reduce the leve l of bac ter ia l contamination .  The aspirator sys tem 

was then rep laced with a prototype surgica l isolator-aspirator system , con

s is t ing of a s e lf-conta ined aspirator vacuum , and a one -piece Barbae surgic a l  

gown with face shie ld that comp letely  covered the surgeon t o  the knees . There 

was a further s ignificant reduc t ion in the bac ter ial contamination (Fig . V) . 
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Figure V 

AVERAGE CFU /CU FT/MIN AT 5 S ITES 
DURING TOTAL-HIP REPLACEMENT 

CLEAN AIR SYSTEM Ql & SURGICAL ISOLATOR 
( 6) 

A 
B 
c 
D 
E 

0 . 6  
0 . 88 
0 .  7 1  
0 . 43 
o .  

P < 0 . 02 
P < 0 . 05 

The s urgica l iso lator - aspirator sys tem alone was then used dur ing 

tota l-hip replacement ar throplas ty in the s tandard operat ing room without a 
c lean a ir sys tem . The data in a sma l l  number of  cases  showed a d i f ference at  

the wound s ite (Fig . VI ) .  

Figure VI 

CLEAN AIR UNIT 
w 

SURGICAL ISOLATOR 
3 PATIENTS AVERAGE CFU /CU FT/MIN AT 5 S ITES 

A "" 4 . 2  CFU/CU Fr /MIN 
B = 3 .  7 CFU/CU Fr /MIN 
C = 3 . 7  CFU /CU FT /MIN 
D = 1 .  9 CFU/CU . FT /MIN P < 0 . 05 
E = 3 . 6  CFU /CU FT /MIN 

E ighty- two d i f ferent co lony forming units  were surveyed and 

morphologica l ly identified (Fig . VII ) . 

Figure VII 

BACTERIA IDENTIFIED 

S taphylococcus Coagu lase  Negative 52% 
Diphthero ids 44% 
Bac i l lus S pec ies 2% 
Yeas t Forms 1% 
S taphy lococcus Coagulase pos i t ive 1% 
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Figure VIII 

FOURTEEN PATIENTS WITH INFECTED TOTAL-
HIP REPLACEMENT ARTHROPLASTY 

S taphy lococcus Coagu lase Negat ive 6 
S taphy lococcus Coagu lase Pos i t ive 1 
Be ta Hemolyt ic S treptococcus 1 
Gamma S treptococcus 1 
Enterococcus 1 
Klebs ie l la 1 
Pseudomonas Aeruginosa 3 

This study confirms the findings o f  Charnley , Ritter , and 

Herndon ( 7 , 13 , 14 , 2 7 , 28) that clean air systems do signi ficant ly reduce 

bacterial contaminat ion ,  and point s out the importance o f  containment o f  

the bacterial contaminat ion produced by operat ing room personnel at the 

t ime of surgery . 

EFFECTIVENESS OF CLEAN AIR SYSTEMS 

Is there any proof that these  sys tems have va lue ? Charnley and 

Eftekhar ( 7 )  have shown that with an increas ed a ir f low the infec tion rate was 

reduced from 8 . 9  to 1 . 3  percent . Dur ing this per iod , no doubt , they changed 

and improved the ir technique , a ltered the cr iter ia for surgery ,  and more 

r igid ly enforced asept ic technique . Never the les s , th is s igni ficant decrease 

in the inc idence of  wound infec t ion combined with the other data , s uggest that 

the c lean a ir sys tem is a va luable ad j unc t in reduc ing operating room infec tion . 

The results of  the other s tud ies point out the capab i l i t ies of  these sys tems 

in reduc ing the amount of bac ter ia l contaminat ion and , in turn , infec t ion . Re

sults  o f  a s tudy in Albuquerque , New Mex ico , showed a 0 . 7 9 percent wound in

fec t ion rate in c lean air sys tems c ompared with a 1 .4 percent wound infec tion 

rate in a contro l  group . 

One of the few control led s tud ies tha t  has been done involved 300 

tota l-hip rep lacement ar throp las t ies , d iv ided into two gr oups (25 ) .  One group 

of  patients were opera ted on in a nonc lean air environment under s imi lar con

d i t ions , and with s imi lar insert ions . In 134 pat ients operated in nonc lean 

a ir r oom , the infec t ion rate was 5 . 2  percent . In 270  pat ients operated on in 

a c lean air sys tem ,  infec tion rate was 1 . 1 percent . This , too , is  not s tatis 

t ica l ly s igni f icant at present , but again , there appears to be a definite 

trend . 
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DISCUSSION 

There was a stat ist ically s ignif icant difference between a standard 

operat ing room, and the same operating room with the clean ·air system funct ion

ing .  When both rooms were empty , there was approximately a ten-fold decrease 

in bacterial contaminat ion in all areas sampled . 

There was also a significant difference between the standard operat

ing room and the clean room when tested during total-hip arthroplasty . A sig

nificant difference was found in all areas measured . It was interesting that 

the aspirator system furnished with the unit did not cause a significant dif

ference in the bacterial contaminat ion level whether the aspirator system was 

on or off . This was , in part , due to the fact that the system did not cover 

the neck and , consequently , did not efficiently aspirate the part iculate ma

terial from the body . 

The addition o f  a surgical isolator-aspirator  syst em in place of  

the standard aspirator system showed a stat ist ically significant difference 

in areas C and D (p<0 . 02 p <0 . 05 respect ively) . When the operat ing room per

sonnel used the surgical isolator-aspirator in a standard operat ing theater , 

there was a stat ist ically significant decrease in bacterial contaminat ion at 

the wound site . The data point out the importance o f  isolat ing the surgeon , 

s ince the addit ion o f  a more e f fect ive "packaging" o f  the surgeon further re

duced the bacterial contaminat ion , even though the vent ilat ing environment 

had not been changed . It should be pointed out that the limited number of 

samplings in the st udy may underlie the lack o t  a stat ist ically significant 

effect for the surgical isolator at some sites . 

None o f  the patient s studied became infected . The bacteriological 

ident ificat ion settle plates show that the maj ority o f  organisms ident ified 

were those usually found on the skin . 

The organisms found in the wound were not in the same proport ion 

as those found in the in fected cases ( Fig . VIII) . This finding has been pre

viously noted . 
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Charnley ( 5) ,  who has popularized the concept of  reduced airborne 

contaminat ion , has recently reported his resul t s  as well . In 5 , 800 total

hip replacement arthroplast ies done between 1960 and 19 70 ,  the incidence 

rate of infect ion fell from 7 to 0 . 5  percent . It is his feeling that re

duced exogenous infect ion in the operat ing room resulted from measures taken 

to eliminate airborne contaminat ion . Charnley has stated that of all the 

precaut ions taken against infect ion in the operat ing room, the most impor

t ant was clean air , but this measure alone did not reduce the infect ion 

rate below 1 . 5  percent . He has stat ed that a reduct ion below 1 . 5  percent 

in 1969 through 19 70 was due to measures taken to avoid penet rat ion of bac

teria through the surgeon ' s  gown . His st udies are some o f  the longest with 

the largest numbers and longest follow-up of those yet published . 

At present , there are no hard stat ist ical data universally agreed 

upon that either prove or disprove the decrease in the infect ion rate when 

using a clean-air system. Perspect ive can be  gained when one considers op

erat ing rooms of fifty years ago . In looking at the operat ing theaters of  

f ifty years ago , one wonders how one could possibly operate under these sur

gical condit ions and not expect a relat ively high infect ion rate . In the 

future , one will look upon our present system and wonder how one could ex

pect to  implant large prostheses and not have high infect ion rates . 

In summary ,  there is little accepted scient ific data that prove 

the effect iveness o f  clean air in reduc ing infect ion although Charnley ' s  ex

perience appears to offer support for this relat ionship . The expectat ion 

of decreased bacterial contaminat ion by improved mechanical barriers and 

clean air systems seems reasonable . Certainly it is not harmful to use a 

clean air system when it is employed properly . It is also acceptable to 

reduce bacterial contaminat ion at the wound site ; in fact , this has been a 

Listerian principle known to surgery since the 1 800s . Last ly , the syst ems 

that are available are capable o f  reducing bacterial contaminat ion o f  the 

wound site not only through the use of clean-air syst ems , but through im

proved methods o f  surgical isolat ion (2 , 3 , 8 , 9 , 10 , 1 3 , 14 , 2 3 , 24 , 26 , 2 7 , 28 , 30) . 
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The absolute provable data regarding infect ion may not b e  available 

for the next t en years . Even at the end of  t en years , the answer may not be 

irre futably sett led stat ist ically . It becomes apparent that each surgeon must 

ident i fy the problems in his operat ing room technique , in the type o f  surgery 

he does , and then choose whether an improved barrier system or clean air sys

tem is necessary in his environment . 
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HORIZONTAL FLOW OPERATING ROOM CLEAN ROOMS 

J .  Phillip Nelson* 

Our experience with operat ing room clean rooms at St . Luke ' s  Hospital 

in Denver ,  Colorado began in March 1971 , with the installation of  what is be

lieved to be the first functional horizontal flow class 100 operat ing room clean 

room (5) . A second horizontal flow class 100 clean room was installed nine 

months later for purposes of evaluation of the e f fect iveness  of the clean room 

and a helmet-aspirator-paper gown system.  This second clean room was construc

ted by the Martin-Marietta Corporat ion under contract to NASA (6)  and included 

portab ility and communication features . Since their installat ion , these rooms 

have been used for essent ially all of  our orthopaedic procedures , and the helmet

aspirator-paper gown system has been used for the maj ority of  maj or j oint im

plant s .  Two other helmet-aspirator-paper-gown systems have also been evaluated . ·  

Figures 1 through 6 illustrate the clean rooms and personnel isolator systems . 

Our studies (2 , 3 , 4 , 7 ) have included measurement o f  airborne bacterial 

and particle concentrat ions , wound contamination rates , sterile surface contami

nat ion rates , and cont inuing analysis o f  deep wound infections following j oint 

implants . In addit ion , we have evaluated the effect of  subst itut ing 99 . 0  per

cent High Efficiency Part iculate Air (HEPA) filters for 99 . 99 percent HEPA fil

ters on the bacteriological and particle characterist ics in a functional oper

at ing room (OR) clean room ( 1 ) . Credit for a substant ial amount of this work 

is given to Mr .  Michael Wardle and his associates from the Jet Propulsion Lab

oratory . 

AIRBORNE BACTERIAL SAMPLING 

Table 1 summarizes our experience with airborne bacterial sampling in 

a horizontal flow class 100 operat ing room clean room using a Sartorious Mem

brane Sampler at the wound . In general , there is a s ignificant reduct ion in 

airborne bacterial concentrat ions when comparing the clean room to the regular 

operat ing room , which is enhanced by improving the scrubbed personnel barrier sys

tem. These trends were also corroborated using a Reyniers slit sampler . The bac-� teria cultured were predominant ly Staph epidermidis , diphtheroids and micrococcus . 

*Instructor , Department of  Orthopaedics , University o f  Colorado , 
�nver , Colorado . 
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Fig . 1 .  Envirco Class 100 horizontal 
flow operat ing clean room. 

Fig . 2 .  Mart in-Marietta Class 100 horizontal 
flow operat ing room clean room collapsed . 

� 
Fi g .  3 .  Mart in-Mar ie t t a  Clas s 100 hor izont al f low o p e r a t in g room c l e a� om . 
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Fig . 4 .  Martin-Marietta 
bubble-helmet-aspirator 
system . 

-

Fig . 5 . Laminair personnel 
isolator system .  

Fig . 6 .  Envirco-Hutter 
personnel isolator system.  
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Horizontal Flow Operat ing Room Clean Rooms 

Tab le 1 .  Air borne Bac ter ia S amp ling at Wound 

OPE�TIN� ROOM TYPE GARMENT PROCEDURE (No . }3 
BACT . I CU . FT .  

S tandard Cotton Hip Nai l  - Pros thes is ( 6 )  3 . 87 
1 

THA4 ( 30 )  C . R .  Cotton . 84  
C . R . H-A-P 2 

THA ( 14 ) . 1 1 

C . R .  Cot ton TKA5 ( 2 ) . 56 

C . R .  H-A-P  TKA ( 1 1 )  . 4 8  

C . R . Cotton THA + TKA (3 2 ) . 84  
C . R .  H-A-P THA + TKA ( 2 5 ) . 2 7 

1 . C lean Room 
2 .  He lme t -Aspirator - Paper Gown 
3 .  Approx imate ly 50 cubic fee t of  a ir samp led per case 
4 .  Tota l Hip Arthrop las ty 
5 .  Tota l Knee Ar throp las ty 

PARTICLE COUNTS 

Table 2 demonst rates that the Clean Room with standard garments 

markedly reduces the level o f  0 . 5� and 5�  size part icles at the wound . The 

level is further reduced by improving the e ffect iveness of the personnel 

barrier system.  

WOUND SAMPLING 

Tables 3 and 4 reflect our experience with swab wound sampling in 

the regular operat ing room , clean room , and clean room with Helmet-Aspirator

Paper Gown (H-A-P ) system.  The data indicate that the c lean room reduces 

wound cont aminat ion and this e ffect again is  enhanced by the H-A-P system .  

Table 5 indicates  the types of  bact eria cultured from wounds , and these 

types and their distribut ion correspond to those  found in the airborne sa� 

pling dat a .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I n f o r m a l  P a p e r s  o f  a  W o r k s h o p  o n  C o n t r o l  o f  O p e r a t i n g  R o o m  A i r b o r n e  B a c t e r i a ,  N o v e m b e r  8 - 1 0 ,  1 9 7 4 ,  W a s h i n g t o n
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 0 1
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J .  Phi l lip Ne lson 

Tab le 2 . . : Volucn� t;r ic ,  Air S amp ling of S urgical  F ie ld 
Airborne Par t icu lates .in Hor izonta l Flow C lass 

100 C lean Room Operat ing Room 

C loth 1 

H-A-P  , . 

• ! •. : :  1 ' 1 '  ' t ; ; · 
PROCtmURE 

(No .') 

THA and .l'KA 
(65)  

THA and !KA 
( 5 5 )  

. \ '  ' . 
MUN NO . 

0 .'5 
; � . 

3 , W8 

1 , 830 

, ' j 
�ARTICLES /CU . FT .  

: ;o; .:SiJ ' ' .  5u 
. . . 

. , I 
I ' .  

I .' ' • � 

197  
l ' ! > . 

� · ,  ' I  

Table 3 .  Wound Bac ter ia l Contamination Rates - Total Exper ience 

f . . . 

' I  ' 

CULTURE NO . CASES NO . CULTURES POS . CULTURES RATE !%l 

REGULAR 0 .  R . SUPERFICIAL 56  56  10 1 7 . 9 
PLUS COTTON DEEP 107 107 2 5 23 .4 

OTHER 14 14 4 28 . 6  
OVER-ALL 108 1 7 7  39  22 . 0  

CLEAN ROOM O . R .  SUPERFICIAL 344 344 16  4 . 7  
PWS COTTON DEEP 55 1 556 32  5 . 8 

OTHER 2 7  2 9  1 3 . 5  
OVER-ALL 590 929  49  5 . 3 

CLEAN ROOM O . R .  SUPERFICIAL 107 107 1 . 9  
PLUS H-A-P DEEP 120 120 4 3 . 3  

OTHER 18 2 1  2 9 . 5  
OVER-ALL 122 248 7 2 . 8  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I n f o r m a l  P a p e r s  o f  a  W o r k s h o p  o n  C o n t r o l  o f  O p e r a t i n g  R o o m  A i r b o r n e  B a c t e r i a ,  N o v e m b e r  8 - 1 0 ,  1 9 7 4 ,  W a s h i n g t o n
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 0 1
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Hor izonta l Flow Operating Room C lean Roome 

Tab le 4 .  Wound Bacter ial Contamina tion Ra tes 
Tota l Hip and Tota l Knee S urgery 

CULTURE NO . CASES NO . CULTURES POS . CULTURES RATE {%) 
REGULAR 0 .  R .  SUPERFICIAL 38 38 6 
PLUS COTTON DEEP 43 43 12 

OTHER 10 10 3 
OVER-ALL 43  91  21  

CLEAN ROOM O . R .  SUPERFICIAL 1 2 1  12 1 4 
PLUS COTTON DEEP 123 123 6 

OTHER 1 1  1 1  0 
OVER-ALL 123 255 10 

CLEAN ROOM O . R .  SUPERFICIAL 98 98 2 
PWS H-A-P DEEP 99 99 2 

OTHER 9 9 1 
OVER-ALL 99 206 5 

Table  5 .  Types of Bac ter ia Cu l tured from C lean S urgica l Wounds 

STAPH . EPID . 
DIPHTHEROIDS . 
BACILLIS SUB . 
NON-HEMO . STREP . 
ANEROB . STREP . 
MICROCOCCUS 
ENTEROCOCCI 
ENTEROBACT . HAFINA 
HERELLEA VAG . 
CLOSTRIDIUM PERFRINIG . 
E .  COLI 
MORAXELLA 

BEGJJLAR 0 I R I 

7 2 . 5% 
7 . 5  
7 . 5 
0 
2 . 5 
2 . 5  
2 . 5  
0 
2 . 5  
2 . 5 
0 
0 

CLEAN RQQM 
57 . 1% 
19 . 0  
0 

16 . 7  
0 
0 
0 
2 .4 
0 
0 
2 .4 
2 .4 

15 . 8  
2 7 . 9  
30 . 0 
23 . 1  

3 . 3 
4 . 9  
0 
3 . 9  

2 . 0  
2 . 0  

1 1 . 1 
2 .4 

I � 

c 
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STERILE SURFACE SAMPLE 

Table 6 re flec ts our exper ience wi th g love and drape bac ter ia l 

samp l ing at the conc lus ion of  the procedure . The improved personne l barr ier 

s ys tem s igni f icant ly reduces the rate of this contamination .  

Tab le 6 .  Microbia l  Samp ling of S urgica l Gloves and Drapes in a C lean Room 

SURFACE SYSTEM NO . OPERATIONS NO . SAMPLES % POS ITIVE 

Gloves Cotton 2 2  9 8  20 
H-A-P 3 1  180 3 . 2  

Drapes Cot ton 5 7  5 7  2 3  
H-A -P 36  36  8 . 3  

99 . 99 PERCENT HEPA FILTERS VS 99 . 0  PERCENT HEPA FILTERS 

t Tab les 7 and 8 summarize our studies with regard t o  use o f  the 

less e fficient filters under operat ing condit ions , and the data indicate that 

the less efficient filter is as e ffect ive in providing particulate and micro

biological control at the wound as the 99 . 99 percent filter . 

Table 7 .  Comparison o f  Part icle Counts in Horizontal Laminar 
Flow Surgery Room with 99 . 99% and 99 . 0% Filters 

MEAN NO . PARTICLES/FT3 

99 . 99% FILTERS 99 . 0% FILTERS 

0 . 5lJ 1 5 . olJ 
1 

Wound Site - THA 2159 2 38 

Back Table 

Upst ream of  Act ivity 1 1 

1 .  Part icle counts t aken with Model 540 Coulter Counter . 

2 .  Part icle counts t aken with Model 550 Coulter Counter . 

0 . 5lJ 2 5 . olJ 2 

2410 40 

2436 9 

1328 1 
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Hor izonta l  F low Opera t ing Room C lean Rooms 

Tab le 8 . Compar ison of Airborne Bac ter ia l Counts in Hor izonta l 
Laminar Flow S urgery Room wi th 99 . 99% and 9� . 0% F i l ters 

MEAN NO BACTERIA/FT
3 

99 . 99% FILTERS 99 . 0% FILTERS 

Garment HAP- 1* (No . )  
1 HAP- 1  (No . ) 

At Wound - THA . l l ( 14 )  . 12 ( 5 )  

A t  Wound - TKA . 48 ( l l )  - - - - - -

* Bubb le he lmet - asp irator - paper gown s ys tem . 
** Hood he lmet-aspirator-paper gown sys tem . 

HAP-2** 
. 08 

. 35 

(No . ) 
( 18 ) 

( 5 )  

1 .  Number of  cases . Approximate ly 5 0  cubic fee t of air samp led per case 
us ing Sartor ius membrane sampler . 

INFECTION STUDIES 

We have kept careful records of  deep wound infect ions following 

total-hip and total-knee replacements .  Table 9 summarizes our results with 

a follow-up of at least six months on all cases . There have been changes 

in our t echnique , such as consistent use of perioperative ant ibiot ics , and 

use of two different operat ive exposures . However ,  draping ,  operative t ime, 

use o f  irrigat ion solut ions , closure and the use of  tube drains and dressings 

have all remained constant . A thorough analysis of  these infect ions , includ

ing their economic significance is now in progress . 

Tab le 9 .  Tota l- Hip and Tota l-Knee Deep Wound Infec tions 

Regular 01R .  In f .  % C lean RoQm O . R .  lD' ·  � 
THA 13 1 8 6 . 10 466  4 . 86 

TKA 1 0 0 90 1 1 . 1 1 

THA + TKA 132 0 6 . 06 556  5 . 90 
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J .  Phillip Nelson 

CONCLUSIONS 

The Class 100 Horizontal Flow Clean Room is effect ive in substantially 
reducing ariborne bacterial and particle concentrations at the site of  the wound , 
and wound contaminat ion . Sterile surface contamination ,  wound contamination , and 
airborne bacterial and particle concentration rates are further reduced by use of 
an improved scrubbed personnel barrier system.  The 99 . 0  percent filter is as 

e f fect ive as the 99 . 99 percent filter in maintaining . these reduct ions . The deep 

wound in fect ion rate in our series of tot al-j oint replacement s is lower in the 

Clean Room Environment as  compared to the Regular Operating Room. 
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INTRODUCTION 

2 5 2  

HELMET ASPIRATOR SYSTEMS 

J .  Phi l l ip Ne lson* 

S ince the grea t  maj or i ty of airborne bac ter ia originate from 

operating room personne l ,  improved pers onne l barr ier garment ing should result  

in  reduced numbers of  bac ter ia in  the ambient a ir . He lme t aspirator sys tems 

represent a s ignificant advance in our abi l ity to prevent shed bac ter ia from 

reach ing the operat ing room air . The pr inc ip les of these sys tems are : 

1 .  Full• length gown made of  we tt ing-res is tent , smal l  poros i ty 

mater ials . 

2 .  He lme t or mask  assemb ly wi th c lear p las tic face p late . 

3 .  Yoke for shoulders of head harness  to s uppor t he lme t or mask . 

4 .  Hood for head which fits beneath nec k port ion of gown or one 

p iece hood- gown .  

5 .  Tubing in he lmet or hood which connects to a long , pl iable, 

l ightwe ight tubing . 

6 .  S uc tion pump for aspiration of  a ir . 

Idea l ly ,  the gown should fit  loose ly so  that a negat ive pressure may be 

maintained in the gown- body space . Air is s ucked from the f loor upwards around 

the body and is exi ted wi th air from the head region through the he lme t tubes . 

Not only does this a ir movement evacuate shed bac ter ia , but i t  also  provides 

s ignif icant cooling through increased evaporation . Air movement at a rate of 

approximate ly 6 c fm has been found to be mos t comfortable in terms of c ooling 

effec t and noise leve l .  The umb i l ica l tub ing traverses down the wearer ' s bac k 

and then proceeds along the f loor to the suc tion mani fold . I t  is des irable to 

have the hood or he lme t por tion s ter i l izable so  that procedures where in there 

is cons iderab le ac t ivi ty or wherein bone chips might fly about may be done more 

safe ly .  Evacuated a ir is usua l ly recyc led through the c lean room High Effi-

c iency Part iculate Air (HEPA) filter system . Exhaust tubing is made of  pliable 

plas t ic with metal wire helical reinforcement and it is usually one inch in d iameter . 

*Ins truc tor , Department of  Or thopaed ics , Univers ity of Colorado , 
Denver , Co lorado 
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The sequence for put t ing on the assemb lies is usua l ly :  

1 .  Head harness pr ior to scrub . 

2 .  Hand scrub . 

3 .  Hood or hood fac eplate in operat ing room .  

4 .  Gowning . 

PROBLEMS WITH DES IGN INCLUDE : 

1 .  Faceplate scratching . This occurs i f  facepla tes or he lme ts are 

used repeated ly and because  mater ia ls are soft  plas t ics . Harder p las tics such 

as Lexan might res o lve this prob lem .  

2 .  Visua l  d is tor t ion . I n  some mode ls there i s  a s ignif icant c ur 

vature  in the facep late and difference of  thic kness  of  the p las t ic wh ich  causes 

mi ld d i s tortions about the per iphery . 

3 .  Discomfor t from head harness . This us ua lly occurs i f  the face

plate harness is too  heavy or  if  the  headband is  too  t ight . If  a shoulder 
yoke- bubble he lme t is  used , the as semb ly is too heavy and often causes fat igue 

rap id ly . 

4 .  Faceplate fogging . Insuffic ient air exchange is the cause of  

this prob lem . 

5 .  Noise from air movement . This is unavoidab le but s ince the 

frequenc ies are of low intens i ty and if tubing is of suffic ient diame ter , noise 

is usual ly nei ther irr i ta t ing or d is trac t ing . 

6 .  Communication . Because the entire head is enc losed e i ther wi th 

plas t ic or fabr ic and becaus e of the air movement noise , hear ing is impaired 

and one mus t use e ither an e lec tronic communication sys tem when the head is 

enc los ed in a bubble or speak in a louder voice with the c lo th sys tem . 

7 .  Mobility and agility . The ability of t eam members to  move about 

is reduced to some degree with all systems . This effect is greatest with the 

Charnley and bubble helmets  and least with the standard gown helmet systems . 

8 .  Sterility . Care in putt ing on the units i s  necessary , particu

larly in the Charnley over-the-head type and in applying sterile faceplate 

hoods . 
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Helmet Aspirator Systems 

TYPES OF SYSTEMS 

1 .  Charnley -- Loose f it t ing full-length , one-piece gown and hood . 

Head harness with cheek exhaust tubes and clear plastic face

plate . Necessitates overhead donning with potent ial for con

taminat ion (Figs . 1 and 2 ) . 

2 .  Mart in-Marietta Bubble Helmet -- Plexiglass space-type helmet 

rest ing on shoulder yoke . Special paper gowns . Heavy , easily 

scrat ched ( Figs . 3 and 4) . 

3 .  Goodrich -- Open faceplate ,  plast ic helmet with aspirator . Neck 

relat ively unprotected . Standard-type gown (Fig . 5 ) .  

4 .  Bechtol , Leinbach -- Head harness , cheek tubes and clear plastie 

faceplate .  Requires use o f  hood and paper or finely woven gown 

(Figs . 6 and 7 ) . 

5 .  Laminair -- Welder ' s mask with metal cheek tubes . Replaceable 

plast ic shield . Hood and paper or finely woven gown . Relatively 

heavy (Figs . 8 and 9) . 

6 .  Envirco-Hutter -- Lightweight plastic head harness with face 

shield incorporated in hood . Face shield snaps onto hood harness . 

Face shield head-hood assembly may be sterilized (Figs .  10 and 11) . 

OUR STUDIES 

Our studies , comparing the Helmet-Aspirator-Plexiglas&  system (H-A-P) 

to cloth gown systems , have indicated an approximate ten-fold reduct ion in par

t icle generat ion and an approximate three-fold reduct ion in airborne bacteria 

and sterile surface contaminat ion .  In addit ion , wound contamination rates in the 

clean room have fallen from 5 . 3  to  2 . 8  percent using the H-A-P system as opposed 

to the standard cloth garment s .  

CONCLUSIONS 

Comfortable , funct ional helmet-aspirator low-porosity gown systems 

which appear to significantly reduce release of shed particles and bacteria � 
from scrubbed operat ing room personnel are now available . 
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Fig . 1 .  Charnley Bead Harness 
and Assembly . 

Fig . 2 .  Charnley Head Harness 
and Full Body Gown . 
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Fig . 3 .  Mart in-Mariet t a  Bubble 
Helmet and Shoulder Yoke . 

256  

Fig .  4 .  Mart in-Marietta  Bubbl e  He lmet 
and Gown . 
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Fig .  6 .  Bechtol Aspirator System 

Fig .  5 .  Goodrich Helmet 
, 

Fig .  7 .  
Leinbach Aspirator System 
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Fig . 8 .  Laminair Head Harness 
Assemb ly 

Fig . 10 . Envirco-Hutter Head 
Harness As sembly . 

258  

I. 

Fig . 9 .  Laiminair Head Harness ,  � 
Hood and Gown . • 

Fig.  11 . Envirco-Hut t er Head 
Harnes s ,  Hood and Gown . 
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FACTORS TO BE  CONSIDERED IN ANALYZING 
POSTOPERATIVE CLEAN , REFINED WOUND INFECTIONS 

J .  Phillip Nelson * 

The following outline was constructed in an attempt to organize 

acquisit ion of  information which might contribute to defining the etiology of 

postoperative wound seps is , particularly in the clean ,  refined wound . The 

outl ine is meant to  give general guidance to those who ltsh to develop a pro

tocol for the investigation of wound sepsis . Modification of the outline by 

addit �on or delet ion of certain factors thought to relate to wound sepsis may 

be necessary . Since large numbers of patients and a vast amount of  information 

would be required to achieve statistical significance for a single variant with 

regard to the incidence of wound sepsis , it is suggested that an adequate 

information handling system,  plus the assistance of an infection control nurse 

and microbiologist be enlisted . 

I .  The Patient . 

A .  Statist ical Information . 

1 .  Name or init ials and date of  admission . 

2 .  Hospital and Hospital Number . 

3 .  Age , Weight , Sex . 

B .  Diagnosis . 

1 .  Primary - reason for surgery . 

2 .  Secondary - all other recorded diagnoses . 

C .  History . 

1 .  Previous surgery - should include all surgery and 

complicat ions thereof .  

2 .  Medicines - should include all medicines taken on 

regular bas is during preceding year . 

3 .  Allergies . 

D .  Laboratory . 

1 .  Blood - CBC , Sed Rate and other indicated test s .  

2 .  Urine - analys is ,  culture and sensitivity for pus cells . 

*Instructor , Department of  Orthopaedics , University of  Colorado , 
Denver , Colorado . 
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3 .  X-rays - appropriate results . 

4 .  Cultures - appropriate results such as urine , j oint 

aspiration , etc .  

a .  The results of  preoperative nasal , perineum an d  skin 

at the operative area may give useful information 

relative to the carrier state and for correlation 

with postoperative sepsis . 

E .  Infect ion . 

1 .  Specific inquir.y by history and examinat ion should be 

made for evidence of infection in teeth , respiratory 

system ,  urinary system, and skin . 

2 .  Specific inquiry should be made for history o f  any type 

of  previous bacterial infection . 

II . Preoperat ive Preparation .  

A . Preoperative hospital days . 

B .  Intest inal preparat ion . 

C .  Urinary or intravenous catheters . 

D .  Skin preparat ion . 

1 .  Shave o r  depilatory - method , time before surgery . 

2 .  Washing . 

a .  Area . 

b .  Number of t imes . 

c .  Length of wash . 

d .  Materials used for wash - i . e . , soap , hexachlorophene . 

iodoform ,  etc . 

III . Antib iotics 

A .  Local or Systemic . 

B . Specific type . 

C .  Administration . 

1 .  Route .  

2 .  Schedule relat ive t o  surgery. 

3 .  Dose . 

IV . Operating Room. 

A .  Personnel . 

c 
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1 .  Names for each case including : 

a .  Surgeon ( s ) . 

b .  Anesthesiologist . 

c .  Circulat ing  nurse . 

d .  Scrub nurse .  

e .  Visitors . 

2 .  Bacteriology of each member of the O . R. t eam, specifically 

with regard to carriage or shedding of certain types of 

bacteria . 

B .  Air Handl ing System (Convent ional and Clean Room) . 

1 .  Air mix - i . e . , recirculated vs . fresh air . 

2 .  Air exchanges per hour . 

3 .  Filter condition . 

4 .  Filter efficiencies . 

5 .  Temperature . 

6 .  Humidity . 

C .  Other Antibacterial Systems . 

1 .  Local air exchange systems - describe . 

2 .  Ultraviolet light - describ e .  

D .  Barrier Technique . 

1 .  Describe type of : 

a .  Hood or cap . ) 

b .  Helmet or mask . ) Specific brand name with type 

c .  Gown . ) of  generic named material for 

d .  Drapes . ) each . 

e .  Gloves . ) 

2 .  If  aspirator system used , describe . 

E .  Physical Layout o f  Operat ing Room . 

1 .  Doors and windows . 

2 .  Relat ionship to corridor and other rooma . 

3 .  Size . 

4 .  Lighting . 

5 .  Cabinetry . 
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Surgical Procedure . 

1 .  Type . 

2 .  Implant . 

3 .  Length in t ime . 

4 .  Irrigation - amount and type . 

5 .  Closure . 

6 .  Dressing . 

7 .  Drains . 

8 .  Unusual occurrences - i . e . , break'  in technique , 

violat ion of  contaminated viscus , etc . 

Bacterial Sampling 

1 .  Surface . 

a .  Wound and sterile surfaces . 

(1)  Method - i . e . , swab , irrigation , t issue . 

(2 )  Timing . 

( 3) How handled in laboratory . 

(4) Time of  reading . 

(5)  Results - qualitative and quantitative . 

2 .  Airborne . 

a .  Method . 

(1)  Type of sampler . 

(2)  Placement of sampler . 

( 3) Rate of  sampling . 

(4) Results - qualitative and quantitative in viable 

organisms per cub ic foot . 

3 .  Personnel . 

a .  Area - i . e . , nasal , perineum, skin or clothes . 

b .  Method . 

c .  Results . 

H .  Sterilizat ion . 

1 .  General methods of sterilization (i . e . , s team with 

pressure , gas , irradiation , soaking) should be recorded 

for differing types of materials . 
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V.  Postoperative Care . 

A .  Area - i . e . , recovery room, ICU , ward,  or private room.  

B .  Dress ing changes - when , where, and by whom . 

C .  Activity . 

D .  Wound complications . 

1 .  Dehiscence . 

2 .  Hematoma . 

E .  Drains , c atheters and IV ' s removed .  

1 .  Cultured? 

F .  Anticoagulation . 

G .  Ant ibiot ics . 

1 .  See III . 

2 .  Other antibiotics - define some parameters and reason 

for use . 

H .  Other infections - i . e . , respiratory , urinary , etc . 

1 .  Record time of onset , appropriate diagnostic procedures ,  

results  of  cultures and sensitivities . 

VI . Wound Infection . 

A . Define with regard to : 

1 .  Location - i . e . , superficial or deep to deep fascia . 

2 .  Time of  appearance . 

3 .  Local signs of inflammat ion . 

4 .  Systemic signs o f  inflammation . 

5 .  Laboratory signs of inflammation . 

6 .  Drainage and sinus tracts . 

1 .  Special diagnostic procedures - i . e . , arthrogram or 

s ino gram . 

B .  Cultures . 

1 .  How obtained? 

2 .  How handled in laboratory? - i . e . , methods of culturing 

including aerobic and anaerobic . 

3 .  Result of  culture . 

4 .  Sensitivities of  organisms . 

5 .  Bacterial typing . 
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C.  Treatment . 

1 .  Antib iotics - dose , route , interval and durat ion . 

2 .  Surgical - describe . 

D .  Outcome of  infection .  
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HUMAN BACTERIAL SHEDDING 

Dick  K .  Riemensnider* 

S tud ies , ranging from very s imple to comp lex , of bac ter ia l s kin 

populat ion and their d isseminat ion have been conduc ted by numerous inves tigators . 

Two e ff ic ient me thods for recovering a irborne bac ter ia l par t ic les shed from in

dividua ls are volumetr ic air samp ling and a tota l r inse procedure in a s ter i le 

environment . 

Work by Duguid and Wa l lace , U lr ich , and others showed that large 

number s of microorganisms can be shed into the environment by individua ls as 

they carry out dai ly work rout ines . 

Wh i le at  the Center for Disease Control  in At lanta , the author 

conduc ted many experiments on bac teria l shedding . The Microbiotank , a large 

7 ft X 3 ft cylindrical stainless steel chamber capable of being sterilized , 

was used in s tudying individua ls for d ifferent t ime per iods in various modes of 

dress to determine the ir bac teria l shed rate . Bac teria were col lec ted by a 

rinse procedure of s ter i le buffered water and a refr igerated cont inuous f low 

centr i fuge . Enumeration was done with the pour- p late technique . This work 

showed not only that large numbers of microorganisms were shed , but that proper 

dress  reduced shedding . 

Mos t individua ls were quite cons is tent in the ir shedd ing rate . Dai ly ,  

weekly ,  month ly , and year ly , the number of  organisms shed was within the same 

log . One ind ividua l s tud ied over a two-year per iod had the same shed rate each 

time .  

3 5 
Shed rates were in the range of 5 - 5  viab le par tic les per minute . 

The author believes that , as a result of the c o l lec tion method , skin sca le 

c lumps were broken up into smal ler aggregates than those recovered by volume tr ic 

air samp l ing . 

One ser ies of  s tud ies under taken to reduce shedd ing demons trated the 

effec t iveness  of  changing the type of  c loth ing and the c lothing mater ia ls . In 

*Environmenta l Microbio logy Consultant , Divis ion of Fac i lities  
Utilizat ion , Hea lth Resources Adminis trat ion ,  Pub lic Health Service , U . S  Depart
ment of Hea l th ,  Education ,  and We lfare , Rockvi l le ,  Maryland . 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


266  

Dick  K . Riemensnider 

a l l  ins tances , s ter i le c loth ing was used to ass ure that  the bac ter ia were 

coming from the s ubjec t . In compar ing a Dacron covera l l  with a hood and s ter i le 

scrub suit , the T tes t at f ive percent leve l showed a stat ist ically s ignificant re

duc t ion with the Dacron suit . A nonwoven mater ial produced an even greater re

duc t ion . 

In a s tudy with convent iona l opera t ing room garb , increased reduc t i ons 

occurred as mas k ,  s urgic a l  gown , and g loves were added , i . e . , the more body 

covered wi th s ter i le c loth ing , the more reduc tion . 

S tudies were done with var ious bath ing procedures and it  was found 

that hexach lorophene soaps , upon pro longed usage , de finite ly decreased the shed 

rate . 

The shed rate was decreased to a lmos t zero in a s tudy us ing both the 

Gemini and the Apo l lo space suite , where air was exhaus ted outs ide the s ter ile  

environment .  

Th is inves t igator be lieves that proper operat ing room c loth ing 

together with adequate air hand l ing sys tems ( f i ltered air and good per iphera l 

exhaus t )  can contro l bac ter ia l shedd ing prob lems in the operat ing room.  
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HORIZONTAL LAMINAR AIRFLOW - ITS EFFECTS ON 
REDUCING POSTOPERATIVE WOUND INFECTIONS 

Merrill A. Ritter* 
Harold Eitzen** 

Morris L. V. French** 
Jack B .  Hart*** 

Since the development of the unidirectional filtered air (laminar 

airflow) for use in operat ing rooms , four prime quest ions have arisen as to 

its bene ficial effect when compared to a convent ional air handl ing system : 

1)  Does laminar airflow reduce the amount o f  bacteria about 
the wound site? · 

2)  Does laminar airflow keep the surgical instrument s cleaner ? 

3)  Does laminar airflow reduce wound contamination? 

4)  Does laminar airflow reduce infect ion rates ? 

HETIIODS AND MATERIALS 

Seven hundred and twenty-one consecut ive clean orthopaedic cases 

have been evaluated microbiologically (1) , 167  without laminar airflow ,  37 7 

with a horizontal wall-less unit (A) l and 1 7 7  with a horizontal walled (walls 

retractable) unit (B) 2 . During the evaluat ion of unit B we randomly deter

mined whether or not the side walls  were pulled out , for only total-hip and 

total-knee arthroplasty case s . This unit , which was capable o f  higher speeds 

at either end , was not installed as such , so that with the walls out there was 

an even flow of air through the tunnel as noted in other walled units . During 

the study we also evaluated the effect of a body exhaust system3 . 

During and before this time , total-hip arthroplasty cases have been 

cultured upon opening the wound and j ust  before closure . Infected cases have 

*Associate Professor of  Orthopaedic Surgery , Indiana University 
School of Medicine . 

**Assistant Professors of  Clinical Pathology , Indiana University 
School o f  Medicine 

***Assistant Professor of  Mechanical Engineering , Indiana University-
Purdue University at Indianapolis 

1 Agnew-Higgins , Beech Grove, California 
2 
3Weber , Grand Rapids , Michigan 

Surgivent , Grand Rapids , Michigan 
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all been identified . Ninety-two total-hip arthroplasty cases were performed 

in a convent ional operating room without laminar airflow ,  2 7 8  total-hip arthro

plasties in the wall-less laminar airflow unit A, arid 87  in the un it B .  

Seventy-three total-hip arthroplasties were in unit A before our microbiologi

cal studies began . Three hundred and seventy have been followed for more than 

one year . 

To evaluate the problem of instrument contamination , two studies were 

undertaken . The first study evaluated 20 open heart surgeries in a convent ional 

operating room, whereby hemostats were removed from a rack on the sterile instru

ment table and placed into  j ars o f  thioglycolate broth every 15 minutes , and tes

ted for both aerobic and anaerobic bacteria . In ten cases the hemostat s  were 

placed in the j ars by the gloved scrub nurse ' s hand and in ten cases with sterile 

pick-ups . Each case was cont inued for only three hours . There were 20 bilateral 

total-hip operations evaluated in the horizontal laminar airflow operat ing room 

over a three-hour period . In ten cases the hemostats were removed from the instru

ment table located next to the laminar airflow unit with a gloved hand and ten with 

sterile pick-ups . 

The second study evaluated both skin and deep knife blades . There were 

102 skin and 209 deep knives from cases in a laminar airflow room versus 106 skin 

and 165 deep knives from cases in a conventional operating room evaluated for 

contaminat ion by dropping them into the test tubes of thioglycolate broth after 

their normal usage . Both the j ars and t est  tubes were evaluated for contamination 

over a 14-day period . 

RESULTS 

All three types of laminar airflow reduced the airborne contamination 

in the operat ing room statistically (p . <0 . 005 ) .  Of interest was unit B without 

walls , which gave j ust as good control as it did with walls , or as did unit A .  

This was surprising because the velocity a t  the wound site (midway between the 

two ends o f  the unit and s ix feet from the f ilter bank) without walls was about 

85 feet per minute ,  but zero from there out laterally at the six-foot mark . The 

plates around the operating team and room illustrate that the room itself was 

cleaner . 
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Horizontal Laminar Airflow 

2 
Table 1 presents the number of  colony forming units (CFU) / ft /hr for 

case s  in a convent ional operating room ,  a Horizontal Wall-less Laminar Airflow 

(LAF) un it A and a Horizontal Wall unit B with and without w�lls . The s ites of 

air set t le plate (ASP) sampling were adj acent to  the wound , on the back instru

ment table ; plates one through four were four feet above the floor and directly 

behind the surgical team ;  plates five and six were at the periphery of the room, 

four feet high .  

Table 1 .  Airborne Contaminat ion Leve ls in Operat ing Rooms Equipped 
with Convent iona l and Laminar Air f low Hand ling S ys tems 

A ir Sett le Convent iona l Wa l l - less LAF with LAF without 
Plates O:eer . Room LAF Wa l ls Wa l ls 

Wound 293 22  16  26  
Back Table 3 1 2  8 2 1 

1 26 1 90 2 2 
2 250 87 4 7 
3 3 15 133 35 58 
4 298 l l 7  24 86 
5 190 54 1 16 135  
6 259  70 84 99 

To evaluate the problem more specifically , Table 2 summarizes only 

total-hip arthroplasty cases . Even though fewer cases had been done in unit B ,  

there seemed to be l it t le difference beween the two units or three types of  

laminar airflow rooms . 

Contaminat ion levels  as seen in _ Table 3 ,  even though not statist ically 

signif icant , and def initely not yet affecting the infect ion rates , showed that 

a body exhaust system further reduced the environmental contaminat ion around 

the operat ing site . 
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Table 2 .  Airborne Contamination Levels During Total-Hip 
Replacement Surgery Utiliz ing Laminar Airflow 

Wall-less LAF with LAF without 
LAF Walls  Walls 

No . Cases 205 50 37 

Air Settle Plates 

Wound 16 18 17  

Back Table 6 2 1 

1 100 2 2 

2 90 4 7 

3 147 35 5 8  

4 124 24 86 

5 60 ll6 135 

6 81 84 99 

' 
. .  

2 
The. number of  CFU/ ft /hr for j ust total-hip arthroplasty cases . 
The areas of ASP sampling were as described in Table 1 .  

Table 3 .  Effect o f  a Body Exhaust System Used in Conj unct ion 
with Laminar Airflow on Airborne Contaminat ion Levels  

Colony 
2 

Forming Units/ft  /hr 

Body Exhaust Off Body Exhaust On 
Set Up 
Evaluated Instrument Wound Instrument Wound 

Table Site Table Site 

Without Walls  2 ( 38) * 25  ( 37 ) 0 . 5  ( 38) 17 ( 38) 

With Walls 4 (40) 20 (40) 1 ( 71)  15 ( 7 7 )  

* ( ) Number Tested 
c 
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Horizontal Laminar Airflow 

The effect iveness of laminar flow on the surgical instruments 

(Table 4 and Table 5 )  was exemplified by the reduct ion in the number of  con

taminated hemostats per case and per 15 minutes in the room with laminar air

flow versus the convent ional vent ilation (p < 0. 05 ) .  In the conventional 

operat ing room, the number of contaminated hemostats was statistically (p < 0 . 05)  

les s  when removed with sterile pick-ups . There was no  statistical difference 

between the number of contaminated hemostats in the laminar airflow room whether 

they were picked up with the gloved hand or sterile pick-ups . Spearman ' s cor

relat �on coeffic ient revealed a correlation between t ime and the number of con

tam�ated hemostats picked up by the gloved hand ( . 7517) . 

r 

Table 4 .  The Ef fec t of  Different Air Hand l ing Sys tems 
on Hemos tat Contaminat ion 

Scrub Nurse ' s 
Gloved Hand 

S ter i le Pick-Ups 

Convent iona l Operat ing 
Room 

6 .4 

4 . 3  

Laminar Air flow 
Opera t ing Room 

1 . 1  

0 . 5  

The average number of  contaminated hemos tats per case ( 12 sampled/  
case) . 

Tab le 5 .  The Effec t of Different Air Hand l ing S ys tems On 
Hemos tat Contaminat ion 

Scrub Nurse ' s 
Gloved Hand 

S ter i le Pick-Ups 

Conventiona l Operating 
RoOIIl 

5 . 33 

3 . 58 

Laminar Airf low 
Opera ting Room 

0 . 92 

0 .4 9  

The average number of  contaminated ins truments per fifteen minutes 
for ten cases . 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


272  
Merrill A.  Ritter 

Harold Eitzen 
Morris L. V. French 

Jack B .  Hart 

Table 6 revealed a statist ically significant reduct ion in the number 
of contaminated skin and deep knife blades in a laminar airflow operat ing rocna 
versus those from the convent ional operating room . There was no statistical 

dif ference between the skin and deep knife blades contaminated from either group . 

Table 7 revealed a statis t ical reduct ion in not only the number of 
posit ive opening (p < 0 . 05 )  and closing culture s (p < 0 . 001 ) , but also the num
ber of infe ct ions (p < 0 . 05 )  in total-hip arthroplasty cases done in a laminar 
airflow operat ing room.  

Table 6 .  The Effect o f  Dif feren t Air Handl ing Sys tems 
on Kn i fe Blade Contaminat ion 

Microbial Contaminat ion o f  Knife Bl ade s 

Laminar Air flow On Laminar Air flow O f f  Probab ility 

No. Tested No . Con taminated No . Tested No . Contaminated 
Skin 103 3 (3%) 106 16 (15%) p < 0 . 005 
!Deep 209 9 (4%) 165 33 (20%) p < 0 . 005 rrotal 311 12 271  49 p < 0 . 005 

The number o f  contaminated skin and deep kn i fe blade s tes ted from clean 
orthopaedic case s done in a convent ional operating room wi th and without the 
laminar airflow system in use . 

Table 7 .  The Effect of Dif ferent Air Hand l ing Systems on Opening 
and Clo s ing Cul tures and Postoperat ive Infect ions During Total-
Hip Surgery 

Conventional 02erat ing Room 

No . Tested No . Pos i t ive Percent Probabi l i ty 

Open ing Cul tures 92 1 1  1 1 . 4  p < 0 . 05 
Clos ing Cul t ure s 92 22 23  p < 0 . 001 
In fect ions 92 6 6 . 5  p < 0 . 05 

Laminar Airf low Q2erat inB Room 

Opening Cul ture s 225 8 1 . 3  p < 0 . 05 
Clo s ing Cul t ures 225 15 6 . 6  p < 0 . 001 
In fect ion s  278 3 1 . 07 p < 0 . 05 

The number o f  pos i t ive opening and c losing cultures and in fect ions in 
370 total-hip arthroplast ies done with and without laminar airflow for 
more than one year . 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


t 

2 7 3 

Hot izontal Laminar Airflow 

DISCUSSION 

The data most interesting to laminar airflow skept ics are now becoming 

available , as noted in the answers to the previously posed questions : 

CONCLUSION 

1 .  Several horizontal laminar airflow unit s  have reduced environmen

tal airborne contaminat ion more than 93 percent (p < 0 . 005)  and 

is further aided by the use of a body exhaust system . 

2 .  Surgical instruments (hemostats , 82 percent , and knife blades , 

80 percent ) are kept stat ist ically cleaner (p < 0 . 05 )  by the 

addit ion of laminar airflow in the operating rooms . 

3 .  Opening and closing culture s both show a statist ically significant 

(p < 0 . 05 and p < 0 . 001) reduct ion of 69 percent and 72 percent 

respect ively in the number of contaminated wounds treated under 

laminar airflow conditions . 

4 .  Our infect ion rates have been statist ically (p < 0 . 05 )  reduced 

from 6 . 5 percent to 1 . 07 percent for total-hip arthroplast ie s  

done under horizontal laminar airflow condit ions . 

Not only does horizontal laminar airflow control and keep the environ

ment cleaner , but it also reduces the contaminat ion of surgical instruments and 

wounds ,  thus lowering infect ion rates . 

REFERENCE 

1 .  Ritter , M. A . , M. L . V .  French , J .  B .  Hart , and H .  A .  Eitzen , A systems 
analysis approach to postoperat ive wound infect ions . Clev . Clinic Quart . 
40 : 211-227 , Winter 1973 . 
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LOCALIZED SURGICAL ISOLATORS 

( Sterile Environment Capsule) 

Dana M.  Street * 

The mo st sterile operating theater might be found on the moon but 

is st ill too inaccessible . One can clean the air o f  the ent ire room as in 

our laminar flow rooms , or the immediate area of the pat ient including the 

surgeon and assistant s but excluding the anesthetist as in the "greenhouse, " 

or j ust the region o f  the operat ive f ield excluding the surgeon with a lo

cal ized surgical isolator . The smaller the space , the easier it is to ob

tain sterility and the less the cost . 

My f irst experience with the use of  isolators in surgery was in 

1962 when associated with Jerome Landy who was using isolators for breeding 

germ-free research animals at the University of Arkansas . An isolator was 

exhibited at a meet ing of  the American Academy of  Orthopaedic Surgeons in 

1963 , and a movie depict ing intramedullary nailing of the humerus in an 

isolator was shown at the meet ing in 1964 . The isolator , measuring f ive 

feet long by three feet in diameter , was constructed of  flexible but heavy 

transparent vinyl , and incorporated two pairs of long-sleeved , heavy , black 

rubber gloves (Fig . 1 ) . The isolator or capsule was inflated by air passed 

through a High Efficiency Part iculate Air (HEPA) f ilter . The undersur face 

of the capsule was cemented to  the prepared operat ive f ield with Vi-spray , 

and the incision made through the floor of the capsule.  The surgeon and 

assistants scrubbed their hands , but no other sterile precaut ions , such as 

gowns and masks , were cons idered necessary . A pass-through port was located 

at one end , but mo st. of the instrument s ,  towel s ,  and sponges were placed in

s ide and gas steril ized with the capsule prior to surgery . 

While the above arrangement funct ioned sat is factorily , there were a 
number of disadvantages .  The large capsule o f  heavy vinyl was cumbersome and 

expensive as were the long , thick , rubber gloves . The air blower and filter 

also were cost ly it ems . 

There fore , in 1963 , the feas ib ility of  a l ight-we igh� inexpensive , 

disposable capsule was invest igated . The pat ient was prepared and draped in 

the usual fashion , and the team gowned and gloved , so that the capsule could 

*Pro fessor and Chief ,  Division of Orthopedic Surgery , County 
of Los Angeles /Harbor General Ho spital , Torrance , California . 
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be removed at any time during the procedure if necessary . Wearing the usual 

operat ing gloves , the arms were introduced through sleeves in the capsule 

eliminat ing the heavy rubber gloves . The capsule was at first inflated with 

nitrous oxide from the anesthes ia machine eliminat ing the air blower and f il

ter . Later , less expensive nitrogen was used . 

Fig . 1 .  Isolator for Germ-free Animals . 
1 .  Heavy vinyl capsule ; 2 .  Heavy , black , rubber 
gloves ; 3 .  Pass-through port ; 4 .  HEPA filter ; 
5 .  Blower . 

I. 
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Localized Surgical Isolators 

The first capsules were kitchen table fabricat ions of Saran Wrap 

and Scot ch Tape , which built up an electrostatic charge attract ing dust 

and lint . Later exper imental models , by Aeroplast in 1965 , were of a con- · 

duct ive f ilm (Fig . 2 ) .  While designed to be d isposable , the supply was 

l imited , and they were used repeat edly by plac ing a large Vi-drape patch in 
the floor . New capsules were cemented to the field us ing Vi-spray , the 

pat ched ones by the usual applicat ion of the Vi-drape which held somewhat 

better . 

Fig . 2 .  Modified Isolator - Disposable , Germ- free 
Environment Capsule . 1 .  Lightweight plast ic capsule ; 
2 .  Elast ic in sleeves ; 3 . ·  Snorkle int ake . 

I. 

Gas from the N20 or N
2 

tanks was thought to be sterile , but was 

passed through cot ton plug f ilters in the intake tube which could cat ch any 

possible oil droplets , and also could be cultured for organisms . The cotton 

plugs tended to slow the rate of  inflat ion . 

At f irst , the inst rument s were placed in a tray and covered with a 

separate plas t ic bag which was cemented underneath the nurse ' s  end of  the 

capsule and the floor was incised to get to them (Fig . 3) . Later , it was 

found sat is factory for the nurse to pass them in through one o f  her sleeves , 

wrapping the sharper ones in a towel . The Bovie cord , suct ion , and f iber

opt ic cord were also carried in through sleeves . The seal between the end 

of the capsule sleeves and the surgeon ' s  gloves was held by elast ic around 

the wrist s .  When the nurse withdrew one arm in order t o  introduce an 
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instrument she would close the empty sleeve with her other band to prevent 

escape of  gas and collapse of  the capsule . St ill another method for larger 

cases was to open the end of the capsule , introduce a tray of instrument s ,  

then seal it again . 

Fig . 3 .  Capsule in use . Standard draping and 
gowning . Inst rument s int roduced through floor from tray 
in separate bag . 
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Localized Surgical Isolators 

Set tle-plat e cultures were obtained from various locat ions in the 

operat ing room out side of the capsule , and from two plates inside - one at 
the head end and one at the foot end near the nurse ' s sleeves . The wound 
was cultured j ust prior to closure in some cases , as was the surface of t he 
capsule , ins ide and out . 

With a clean surgery infect ion rate o f  two percent and before the 

advent of the total hip , the need for such a sterile environment was not so 

pressing , and the proj ect was discont inued in 1965 after only a handful of 

case s .  In these cases the set t le plates remained negat ive inside , posit ive 

cultures of  Staph .  epidermidis were obtained from the top of  the capsule 

and plates outs ide ranged up to 40 colonies . Colony count s vary with loca

t ion in the room and over a wide range , but average ten colonies per hour 

in most of  our rooms . 

The proj ect was react ivated in 1970 with the total-hip procedures , 

using the original supply of cap sules from Aeroplast Corporat ion . In the 

next ten cases , using gas only f iltered by cotton , three showed posit ive 

plates of thre e ,  ten , and nine colonies aft er three , one , and s ix hours of 

surgery . Unfortunately , the cott on plugs in these cases were not cultured . 

Also , plates freshly poured in surgery were used which -did not have t ime to 

demonstrate their prior sterility . No infect ion developed . However , there 

was sufficient cause to doubt the sterility of gas taken direct ly from the 

tank . In sub sequent cases the gas has been bubbled through a 1/4 percent 

Neomycin in dist illed water solut ion , and , with few except ions ; cultures 

ins ide have been negat ive (Table 1) . 

Besides steriliz ing the nitrogen , passing it through an ant isept ic 

solut ion int roduces addit ional benefit s . First , the humidity is raised 

75 to 85 percent ; and the wound does not dry out as under a draft of low

humidity air . Second , the solut ion-laden atmosphere (part icle count 300 , 000) 

may have an ant isept ic act ion on the capsule and its content s (a set t le 

plate exposed out s ide the capsule for one hour then taken ins ide for one 

hour was reduced to three colonies , while a plate beside it out side grew 

46 colonies using 1/4 percent Neomycin . Other more e ffect ive solut ions are 

shown in Table 2 ) .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I n f o r m a l  P a p e r s  o f  a  W o r k s h o p  o n  C o n t r o l  o f  O p e r a t i n g  R o o m  A i r b o r n e  B a c t e r i a ,  N o v e m b e r  8 - 1 0 ,  1 9 7 4 ,  W a s h i n g t o n
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 0 1
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Table 1 .  Colony Counts Ins ide Capsule 

case I Col .  Case I Col Case I Col • . 

7 0-0 24 0- 36 0-0 

8 0- 25 0-0 37  1-0 

9 10-10 26 0- 38 0-0 

10 0-0 27 0- 39 0-

11 0-0 29 0- 40 0-

12 0-0 30 o- 41 0-

13 0-0 31 0- 42 0-

14 9- 32 1-0 45 0-

15 1-0 33 0-

Total colony count s on settle plates in 26 cases in which counts 
were recorded out of  45 total surgeries ranging from 1-6 hours . Known tech
nical break in cases 9 ,  14 , & 32 . No infect ions . 

Table 2 .  Effect o f  Solut ion on Colonies 

Solution Gas Gas Caps . Hum. Vapor Control Pl . 15 30 45 60 

1/4% 
Neo . 

" 

" 

35% 
Ale . 

4% 
.Neo . 

70% 
Ale.  

N
2 

Humid . min min min min 

y l 21% 62%  41% 

G 53% 81 . 5 28 . 5  

27%  85 
G 5 3  86 33 

15 . 5  83 6 7 . 5 

" " 73 . 5  58 

" " 15 . 5  60 

" " " " 

6 

8 

13  

8 

15 

39 

5 

8 6 

13 21  

10 14 

10 4 

8 6 

10 9 

10 min 20 min 
5 2 . 7  

10 min 20  min 
3 . 3 2 . 3  1 

2 6 

10 7 

6 

3 6 

5 4 

0 0 

30 min 40 min 
0 0 

30 min . 40 min 
0 0 

Settle plates exposed in operat ing room then brought ins ide capsule 
and exposed for stated per iods . 
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Localized Surgical Isolators 

Disadvantages of  the surgical isolator are : 

1 .  A sense o f  claustrophobia on the part o f  the surgeon . 

2 .  Visual impairment 

a .  from reflect ive glare (eliminated by f iber
opt ic lamps near or inside the capsule . 

b .  from blood splatter on the inside surface 
(cleared with a damp sponge) . Fogging has 
not been encount ered 

The disadvantages are minor compared with the advantages of true 

sterility and lack of dehydrat ion . 

While admit tedly this was a preliminary study with only 51 ex

periences involved ,  it demonstrates great potent ial for sterility at the 

wound s ite  at the very low cost of  an est imated $20-$30 per pat ient . 

c 
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VERTICAL LAMINAR AIRFLOW SYSTEM 

Robert S .  Turner* 

INITIAL SURGICAL APPLICATION 

Wil liam Randolph Lovelace II , co-founder o f  the Lovelace-Bataan 

Med ical Cent er , and Willis Whit field , discussed appl icat ions o f  laminar air

flow rooms in December , 1961 . 

Bacteriologic studies were started in April , 1962 , in a laminar air

flow room at Sandia Laborator ies . On the bas is of the studies , it was concluded 

that a laminar air flow operat ing room would reduce the possibility of airborne 

contaminat ion from pathogenic bacteria . The vert ical laminar airflow system was 

then installed in an exist ing operat ing room in the Bataan Memorial Hospital in 

Albuquerque , and has been used s ince January 3 ,  1966 (Fig . 1) . 

Because of  operat ing room regulat ions and the permanent flooring in 

the exist ing operat ing room,  it was necessary to adopt an out flow system of  

per ipheral vinyl drapes (Fig . 2 ) . 

After the vert ical laminar airflow system was installed , air sampler 

bacterial counts were compared in a convent ional operat ing room ident ical in 

dimensions to the laminar airflow operat ing room (Talbe 1)·. Set t l ing plates 

were also used to compare bacterial colony count s in the convent ional operat

ing room with the vert ical laminar airflow operat ing room (Table 2 ) . 

Air sampler studies demonst rated that almost no bacteria existed on 

the floor at the foot o f  the operat ing t able , even though no hoods or special 

aspirat ing devices were used , when the vinyl drapes were closed (Fig . 3) . The 

incis ional area was noted to be nearly free of  viable bacteria part icles dur

ing these air sampler studies  (Fig . 4) . 

*Chairman , Department of  Orthopaedic Surgery , Lovelace-Bataan 
Medical Center , Albuquerque , New Mexico . 
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Fig . 1 .  Vert ical Laminar Flow Operat ing Room , Bataan 
Memorial Ho spital , Albuquerque , used since January 3 ,  1966 . 
High Efficiency Part icula� Air (HEPA) filters remove par
t iculate mat ter 0 . 3 microns or greater in diameter . 

VERTICAL LAMINAR FLOW OPERATING ROOM (CURTAIN TYPE ) 

Fig . 2 .  Func t iona l d iagram of  the Vert ica l Laminar Air F low Operating 
Room adapted to an ex is t ing operat ing room . Note the pre- fi lters , and the 
introduc tion of fi fty new a ir changes to the rec ircu lat ing sys tem , a l lowing 
a tota l of 600 air c hange s per hour . 

---. -- -- -- -
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Tab le 1 .  

COMPARATIVE BACT E RIO LOGICA L STU DIES 

Andersen Sampler Technique 

Bacterial Count per Cubic Foot of Air per Min.  

T ime Conventional Q.Jh U ltra-C lean O . R . 

Pre-op . detenn. 3 . 0  bact. per cu. ft./1 0 . 3  bact . per cu . ft./' 
1 st  10 minutes 1 5 . 4 " " II II 1 . 3  " " II II 

2nd " " 1 5 . 1 " II " II 0 . 4  .. II II " 

3rd .. " 10 . 0  II " II II 0 . 7 " " " .. 

4th • • 15. 7 " " .. " 0 . 4  " " " " 

5th " • 1 1 . 3 • • • • 0 . 4  • " • " 

6th " • 23.4 • II " " 0 . 6  " " " " 

7th " • 16 . 0  II " • • 0 . 3  .. II II " 

8th II • 10. 5 II • " " 0 . 4  " II II " 

9th II II 9 . 3  II " " " 0 . 2  " II II " 

AVERAGE 14 . 4  bact . per cu . ft ./' 0 . 5  bact. per cu . ft./' 

Table 2 .  

COM PARATIVE BACTERI O LOGICA L STU DIES  
Sett l ing P late Techn ique 

Conventiona l  O . R .  U ltra-C iean 0 .  R .  
Anesthesia table 4 co I on ies/p late 0-1 co lony 

Top of cautery unit  9- 14 I I  II 0 co lony 

Operative f ie ld 1 2  II  II 0 co lony 

Steri le Mayo stand 1 1 - 1 9  I I  II 0 - 1  co lony 

Steri le back table 7-2 1 II II 0 co lony 

Open room 7-1 0  II  II  0 co lony 

AVERAGE 9- 1 2  co lonies/p late 0 co lony 
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Vert ical Laminar Airflow Systems 

4 

0 

Pre-operat ive 
preparation 

, ......., 

0700 

............ Sampler on floor - foot of table 

Patient brouoht 
into room 

�Suroical team enters 

0800 

lastic curtains closed
room air laminar down-flow 

Clock motor fai led / samplino stopped 
.� ........... 

1 100 

Fig .  3 .  Aor t ic Vascular Surgery Case . Note the marked decrease 
of the viab le par t ic le count when laminar air f low was obtained with 
c los ure of the vinyl drapes . 

o---o Sampler on surgeon's side of 

NUMBER OF table - sampling probe at incision 
VIABLE 
PARTICLES/ 
CU F T  OF AIR 

Sampl ing probe Sampl ing probe . 

placed at i ncision removed 

Q ���-r���-r���o!o!oo�o�o���o�o�/\�o�o�o�o�o�o�o!o!oo�o�o�o�o�o:�--� 
0700 0800 0900 

TI ME (HOURS) 
1000 1 100 

Fig . 4 .  Aortic Vascular Surgery Case . Note the near absence of 
viable par ticulate matter at the wound s ite even though no operating 
hoods or aspirat ing devices were used . 
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REVIEW OF RESULTS (POSTOPERATIVE INFECTION RATES) 

The postoperat ive surgical result s were those obtained in a community 

service-type hospital , with approximate ly 25  to 30 percent of the pat ient s re

ferred from out s ide the Albuquerque community . The laminar airflow room has 

been used predominantly by several surgical spec ialist s in a mult ispecialty 

group pract ice in a medical-center-type set t ing . 

There has been a definite tendency to use the laminar airflow operat

ing room for maj or cases requiring considerable operating t ime .  

Over a 54-month period , from October 1966 to March 1971 , there was a 

postoperat ive infect ion rate of  . 79 percent after 3 , 408 operations performed 

in the vert ical laminar airflow operat ing room. The infect ion rate was also 

low for two control operating rooms , as there was a . 93 pecent postoperative 

infect ion rate after 4 , 16 2  operat ions in one control room and a 1 . 14 percent 

post operat ive infect ion rate after 4 , 091 operat ions in another control room.  

Thus , there was a 1 . 04 percent postoperative infect ion rate following the 

8 , 25 3  operat ions in the two control rooms (Table 3) . 

Table 3 .  

VE RTI CA L LA MINA R F LOW O PE RATI NG ROOM 

Octo ber 1 966 - March 1 9 71 
54 Month s  

Room # 1  ( Lam . F low) 34 0 8  operati o n s  27 i nfecti o n s  

Room #2 (Contro l )  

Room # 3  (Co ntro l )  

4 1 62 operatio n s  39 i nfectio n s  

4 0 9 1 operati ons  4 6  i nfecti ons  

ro Rate 

0 . 79 
0 . 93 
1 . 1 4 
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These figures were c o l lec ted on a month ly bas is on a c onfidential 

repor t form tha t  l is ted the operat ions done dur ing a spec ific month by a 

spec i f ic surgeon . The s urgeon graded the operat ion as to whe ther it  was a 

c lean or contaminated procedure , and s tated the outcome of the opera t ive wound 

hea l ing .  The f igures were tabulated month ly . No repor ts were entered in the 

pat ient ' s c l inica l char t . This form of report ing was s tar ted by Whitcomb , and 

is be ing cont inued wi th the full  coopera t ion of  the surgical staf f .  

Bataan Memor ia l Hospital expanded i ts s urgica l suite i n  19 7 1 ,  and a 
hor izonta l laminar air f low operat ing room was cons truc ted with d imens ions of 

7 . 92 me ters by 6 . 70 me ters (2 6 by 22  fee t ) . The hor izonta l laminar airf low 

operating room has been us ed s ince May 24 , 19 7 1 ,  and its recent us e has been 

much more intens ive than the ver t ica l laminar air f low room , because its  larger 

d imens ions a l low be tter s urgical wor king cond i t ions . 

From January 1 ,  1966 to January 1 ,  1973 , there were 284 spine 

fus ions per formed in both laminar air f low operat ing rooms , with one postopera

t ive infec t ion . Dur ing the seven- year t ime interva l fr om January 1 ,  1966 
through January 1 ,  19 7 3 , 207  hip arthroplast ies and total-j oint replacements , 

as well as 45  knee arthroplasties and total-j oint replacements , were performed 

in the laminar airflow rooms with five postoperat ive infections . The post

operat ive infect ion rate for these selected 5 36 maj or orthopaedic procedures 

performed in the laminar air flow operat ing rooms was 1 . 12 percent . 

From January 1 ,  1966 to January 1 , 1973 , there were 28 ,485 s urg ica l 

opera t i ons at  the Bataan Memor ia l Hos p i ta l with 334 pos toperat ive infec tions 

for an overa ll  pos toperat ive infec tion rate of  1 . 17 percent . 

The pos toperative infec tion ra te of  . 72 percent fol lowing 4 , 400 

operations per formed in both laminar a ir f low opera t ing rooms from January 3 ,  

1966 to January 1 ,  1973  c ompared with the pos topera t ive infec t ion rate of 

1 . 205 percent after the 24 , 085 oper a t ions per formed in all of the convent ional 

operat ing rooms in the Bataan Memor ia l  Hospital  dur ing the same time per iod , 

is s i gn i f icant ly d i f ferent at the p� O . OS compe tence leve l .  The va l id i ty of 

this  compar ison is ques t ionable ,  however , becaus e of the numerous var iables 

involved . 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


287  

Vertical Laminar Airflow Systems 

PROBLEMS WITH USAGE OF THE VERTICAL LAMINAR AIRFLOW OPERATING ROOM 

Portable light ing was necessary for use as the high effic iency 

part iculate air f ilters were located in the cei ling . Usua l ly two por tab le 

operat ing room lights were required . This increased the amount of congestion 

in the 10 by 12 foot work area . 

C irc ulating nurses had to open and close the vinyl drapes for 

ingress and egress .  There was a definite tendency to leave one or more of the 

drapes partly open to fac ilitate this ac tivity . Often , an exter ior door would 

be le ft  open for the same reason , and this wou ld obvious ly alter the effec t ive

ness of the air flow sys tem . 

Working space was found to be rather cramped as anes thes ia equipment 

and the ins trument tables were al l  p laced within the enc losure . Surgica l 

nurses fe lt i l l  at ease , for fear of contaminating the ir work areas through con

tact with the adj acent vinyl drapes or other equipment in the working area . 

The vinyl  drapes are p laced on a track so  that they can be opened 

and c losed . When c losed , s ome pers onne l had a "c losed in" c laus trophob ic -type 

fee l ing .  The vinyl drapes only par tia l ly obscured vis ibi �ity . 

PROBLEMS OF ACCEPTANCE OF THE VERTICAL LAMINAR AIRFLOW ROOM BY PERSONNEL 

Almos t a l l  personne l were immed iate ly aware of the sound leve l of 

approxima te ly 65 dec ibe ls (A scale ) . Many nurses , anes thetists , and anes thes io

log is ts expres s ed re luc tance to wor k cons tant ly in the room because of the 

sound leve 1 .  

As personne l turnover occurred through the years , it was noted that 

cons tant re-educat ion was needed for the operating room s taff to a id in under 

stand ing the pr inciple of  how the vertical  laminar a ir f low sys tem worked . This 

re-education was a lso  necessary to aid the personne l in unders tand ing the 

potent ia l s ignificance of e l iminating a irborne pathogenic bac teria . 

S PECIAL CONS IDERATIONS 

A few pat ients with sc ientific bac kground who live in the Albuquerque 

area are aware of  the laminar air flow operating room sys tem and have inquired 

as to whether the ir s urgery would be per formed in s uch a room . 
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Lawyers in the Albuquerque area are also aware of the potent ial 

significance of laminar airflow operat ing rooms . To the best of my knowledge , 

no decision has been made by any court in New Mexio relat ing to the use of , 

or failure to use , a laminar air flow operat ing room . 
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MICROBIOLOGY OF IRJMAN SKIN AND 
ITS RELATION TO POSTSURGICAL INFECTIONS 

John A. Ulrich* 

The work of numerous investigators has supported the observation that 

the surgical team is the primary source of microbial aerial contamination in the 

operating room. Dur ing the pandemic of Staphylo coccus aureus , 80/ 81 , infections 

in the late fifties , it was believed the nose was the prime site in which this 

organism was carr ied.  It  is  t rue that StaphylococcuS aureus did reside and was 

found in the nares of many operating personnel .  However , af ter carrying on a 

proj ect for more than two and one-half years , sampling the personnel in surgeries 

at leas t once a week, and after more than 1 4 , 000 cultures , we had a correlation 

of only . 13 between nasal carriers and infections originating in the surgeries .  

It was obvious that this was not the maj or sour ce of the organism causing our 

prob lem , so we sought elsewhere for the real source . The most obvious source 

was one of the largest organs in our body which is in cons tant contact with the 

envi.ronment :  the skin . Thus , we began to study the skin to see if it was one 

of the problem sources of potential pathogens in surgery . 

The human skin is an involved structure with a comp lex bacte riology . 

It :is more than j us t  a cont aminated surface . Firs t , there are mi crobial popula

tions classif ied according to sour ce which can be divided into two different 

types , trans ient and indigenous .  A trans ient population is one you pick up from 

contaminated external sources and then transfer elsewhere ;  it can be washed off 

rather easily .  Secondly , there is also an indigenous population which is always 

with us . It is one of our important main lines of defense against o ther invading 

organisms . Therefore , we do not want to des troy these bacteria ; we only want to 

control them in operating rooms and other sensitive areas . 

MOst of this population does no t grow on the surface o f  the skin . It 

comes from a deeper source , usually the sebaceous glands and the ducts of the 

sebaceous glands . It is expressed to the su rface via the hair fo llicles . We use 

a number of techniques to track down the dynamics of the bacte rial population of 

the skin . The cont act plate method is very simple and gives good reproducible 

* 
Chief , Microbiology Service , University of New Mexico , Albuquerque , New Mexico . 
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dat a .  It is nothing more than an aluminum milk-bottle cap filled with agar . 

The agar is pl aced in contact with the skin , immediately removed and incubated , 

and then quant if ied after incubation . 

Using this technique we can develop full-body patterns for the human 

being (Table 1 ) . Not ice that the bacterial co lony counts on the forehead , temple . 

eye , nose , upper lip , cheek , j aw ,  ear , chin , back of the neck and the neck are 

re lat ively high count s . Since these are to tal colony counts on a plate the size 

o f  a milk-bot tle cap , it indicates that the skin has a high density o f  the bac

terial populat ion in these areas . The axillary populat ion is much higher in most 

people than indicated here . The use o f  underarm deodorant s controls and reduces 

the populat ion in this area . Normally , without the use of deodorants ,  the bac

terial populat ion of  the axilla is a litt le higher than around the bead and the 

neck . The trunk and the outer arms have relat ively low populat ions . The hand 

is high . This is due not only to the indigenous populat ion , but also to the 

t ransient populat ion . Generally , most of  the lower parts o f  the trunk and the 

legs are relat ively low in microbial populat ion . Areas which are high include 

the groin , perineum, navel , and buttocks . The inner thigh , the ankles and feet , 

although not listed , are found to be high population areas . In summary , each 

human being has essent ially the same pattern of dist ribut ion with very high 

bacterial populat ions on the head and the neck , the axilla , the bands , the peri

neum, the gro in , and the feet . The other areas are less heavily contaminated or 

populat ed . Note that one of  the most highly populated s it es is the angle o f  the 

j aw .  

Whereas everyone has essent ially the s ame  pattern of bacterial popula

t ion on the skin , each o f  us is individual in the number of bacteria per square 

cent imet er that we carry . Table 2 is a compilat ion o f  data gathered from a n� 

ber of  individuals , both males and females . Some have relat ively high counts ; 

some have relat ively low counts . Whatever the level of  the count , it remains at 

the same level for long periods of t ime . It can be changed from t ime to time by 

special techniques which I will not discuss . The important aspect is that each 

person has a unique and stable microbial level which can be shed into the air in 

the operat ing room. Usually an individual who has a ve ry high skin count is 

also a good shedder . Each o f  us constant ly sheds into the air . 
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Table 1 .  Bact erial Skin Populat ions 

( Cont act Plat e Method :  Right Side) 

Body Region 

Head and Neck 

Upper t runk and arms 

Lower t runk and arms 

*Too numerous to count 

Site 

Forehead 
Temple 
Under eye 
Nose 
Upper lip 
Cheek 
Angle o f  j aw 
Behind ear 
Under chin 
Back o f  neck 
Neck 

Axil la 
Upper arm-- lateral 

Elbow 

Forearm 

Wrist  

Hand 
Palm 

Shoulder 

--volar 
--lateral 
--volar 
--lateral 
--volar 
--lateral 
--volar 
--lateral 

Sub clavicular 
Breast 
Lat eral chest 
Lat eral waist 
Gro in 
Perineum 
Navel 
Sub s capular 
Buttock 
Hip 
Lateral thigh 
Inner thigh 
Popl it eal space 

Plate 
Count 

34 8 
560 
TNTC* 
TNTC 
TNTC 
584 
TNTC 
TNTC 
TNTC 
2 11 
316 

106 
4 2  

8 
8 

24 
41 
11 

TNTC 
5 3  

2 2 4  
Pseudomonas 

4 3  
8 3  
5 0  
15 
15 

TNTC 
TNTC 
TNTC 
128 
TNTC 
104 
2 32 
TNTC 
24 1 
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Tab le 2 .  Bacterial Skin Populations in Dif ferent Individuals 

( Cont act Plate Method) 

1M 2M 1M 4F SF 

Jaw TNTC* TNTC 145 94 TNTC 

Arm 2 26 109 13  ** 

Breast 6 86 11 8** 2 78 

Abdomen 4 7  219 29 8**  121 

Groin 128 132 Cont . 74 113 

Buttock 24 8 207 TNTC 106 52 

* 
too numerous to count 

** 
spore fonners 

We cannot scrape or wash these organisms away because o f  the subsurface 

replicat ing populat ion . The technique by which deep or subsurface populat ions � 
are studied is called tape st ripping . A sticky sterile tape , made by the Minne

sota Mining Company , called Tape No . 850 , is used . Regular Scotch tape cannot 

be used as it contains ant ibacterial agent s .  The sterile tape is removed from 

the roll by the operator and pressed onto the skin , smoothed over with a sterile 

applicator , and removed , put into a Pet ri dish , agar poured over it , incubated 

and quant ified .  

Each t ime one o f  these tapes is  applied to the skin and pulled off , 

it removes a layer of  cells and any bact eria that happen to be in that layer . 

Normally 20 layers of  cells are removed serially in these studies . You cannot 

remove further layers , because minimal bleeding occurs . The type o f  data ob

tained using this technique is shown in Table 3 .  These are bact erial counts 

from the tape st rips . Not e again , the varying bacterial levels among subj ect s . 

Some people are relat ively low-leve l carriers ; some are relat ively high ;  and 

some are int ermediate in levels o f  populat ions they carry . After removing ten 

layers of cells , relat ively large numbers of bacteria are st ill present in the 

skin . Thus , the bacteriolo gy of the skin is not only a surface phenomenon , � 
but much more complex . In between tape 10 and tape 11 , a series of six two

minut e surgical scrubs were performed , and yet we cont inued to find demonstrable 

- - - - ��� 
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numbers of bacteria 2 0  cell layers down. These subsur face organisms canno t be 

con t rol led at the present time . These are the organisms that repopulate us and 

that we want to maint ain . 

Tape 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12  

13  

14  

15  

16 

1 7  

1 8  

19 

20 

Table 3 .  Deep Bacterial Skin Populat ions 

(Bact erial Colony Count s per Tape : Tape-Stripping Method) 

XII M 

72 

36 

31 

51 

2 3  

20 

29 

29 

2 3  

4 3  

4 

1 

5 

14 

3 

8 

8 

5 

6 

5 

Subj ect and Sex 

XIV M 

15 7 

145 

16 7 

115 

160 

42 

39 

56 

5 8  

5 5  

24 

20 

12 

8 

8 

6 

10 

3 

10 

6 

XV F  

167 

182 

2 60 

201 

215 

132 

86 

101 

6 1  

5 7  

5 

3 

5 

6 

8 

7 

5 

7 

5 

5 

XVI F 

35 

36 

8 8  

4 6  

4 1  

2 7  

10 

42 

43 

37  

10 

7 

11 

13  

6 

12 

8 

6 

7 

15 

The next technique is known as the Price technique and it is a 

modified surgical scrub . When Price first published this t echnique , he per

formed ten two-minute surgical s crubs . The amount of  t ime to put on the 

det ergent , to s crub , and to flush are checked by a st opwat ch .  Af t e r  the two 

minutes , the detergent is flushed from the skin into the measured amount of . 
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water and the bacteria are quantified from the basin contents .  Table 4 is a 

compilat ion of  the type of  data gathered by this technique . 

Bas in 

1 

2 

3 

4 

5 

6 

* 

Table 4 .  Removal of Bacteria f rom Hands and Arms 

(Mean Bacterial Count per Basin : Price Technique ) 

Subj ect , Sex , and Number of Tes ts 

XIII M XIV M � F  
(43) (18)  (25)  

40* 465 194 

64 295 182 

71 214 156 

65  183  133  

62  154 129 

44 147 124 

Multiply by 10
5 

for tot al �wt in bas in 

�I F 
( 29 )  

196 

219 

2 10 

175 

170 

151 

Each one of these bas ins represents an ind ividual surgical s crub . 

After the f irs t two-minute s crub , subsequent s crubs are done consecutively , one 

right afte r the o the r .  These part icular dat a were gathered while using cas tile 

soap wi thout a germicide . The observation that is important and interes ting 

is that skin bacteria cannot be completely removed even through six serial 

scrubs . One of the reasons is the deep populat ion . The ducts and the glands 

act like little tubes of too thpas te ; and as you scrub , massage , and squeeze , bac

teria are expressed onto the skin surface .  Even tually , the surface populat ion 

wi ll be redu ced to a minimal level , but it will cont inue at that level through 

subsequent scrubs . Apparent ly a triggering mechanism takes place as bacteria 

are expressed from the deeper sour ces and rapid reproduction commences . This 

indicates , even with the use of ge rmicidal soaps , that this populat ion cannot 

be dest royed .  I t  remains in the deeper sites , an d  the surface population is 

replaced in a short period of time . 
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,. 

Microbial shedding from humans is more germane to the intent  of this 

mee t �g .  The discuss ion on skin microbio lo gy i s  t o  indicate what happens to 

these bacterial populations that are normally on skin . Some of them die o f f , 

but most of them are shed ( 6 ) . 

The average individual wi th no rmal skin sheds on the average 10 , 000 

viable particles every minute (2-8) . Wi th abnormal skin such as an e czematoid 

pro cess o r  fo l liculitis , the shedding rate increases tremendous ly . 

Fo rtunately , in surgery , barrier techniques are employed . Gowns , 

caps , gloves , and shoe covers are worn and these barriers reduce the amount o f  

mate rial shed into the air. Cotton gowns are imper fect barriers , and examina

tion o f  the se cloths wi th a magnifying g lass shows large openings through which 

bacteria may penet rate . A number o f  layers form a somewhat bet ter barrier .  

Even though gowned an d  dr aped , personnel s till  shed b acteria into the air ,  and 

these must be con trolled in another way . 

Surf ace sampling of  floors in surgical suites indicates that the 

maj o rity of bacteria recovered are human skin types . Gram-posit ive cocci and 

diphtheroids are mos t  common , but gram-negative bacteria are noted by the ir 

absence . Most of  the bacteria on the floor ar rive by the ai rborne route . 

We should know more about airborne bacter ia in surgery .  Figure 1 

shows data gathered us ing s lit-type quant itative samplers . Two samplers were 

use d  simultaneous ly . This operating room did not have laminar airflow ,  but had 

an o rdinary turbulent type of air delivery . Counts from the s amplers followed 

one ano ther closely , even though they were placed in dif f erent s ites in the room . 

The l evel of organisms in the air before the surgical team came in 

was one organism per cubic foo t .  This was a l ow  level with only the Casella 

operator in the room , and a few other personnel in and out .  Th e  symbol "S" 

signif ies a coagulase J±l Staphylococcus on that particular plate . 

After the team arrives and begins work on the patien t ,  the airborne 

b acte rial count increases . The data in Figure 2 were gathered at a time when 

one surgical case was being f inished and another started . There is an average 

of ten surgi cal pe rsonnel moving about the surge ry suite.  The pat ien t has under

gone surge ry and he is undraped at this po int , and of course the act ivity in a 

surgery increases greatly at this time . Nurses move around , picking up the 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


I 

296 

John A. Ulrich 

,., .. ... .. .. .......... _ 

t ' 1 
. ..  .. .. 

• ...... l (OII .. IIery !Htl) 
• ....,a,_ ..., ., _, 
(I� ,...... .._,lmccl 

1 I 

���������������� 710 t1 10 H 10 II 40 41 10 II f'IO I tO tl 

TIM 

Fig .  1 . Preoperative microorganism levels . 

14 

1 1  
1 1 
11 

J 10 

� . I : 
• 

• 

4 

I 

I 

1 � 
! ! I .. .. 

Effect fll octlwftJ 1ft ........... ,_ 

.. � ,., .. !Ill 
I ,., . \ 

I \ I ' I I 
I ' • • ' ' ' • • • 

I • ' 
I • 
I • 

I 
I 
' l  ) i .. .. , ' 

\ \ ' 
\ 

\ '
\ ,� \ .... ... ..... 

. .....,.,, ,_ ..,. , .._, 
0 ......, Jl,  _ _  , _, 

� 1 10 11 10 U IO II 40 41 10 11 ttf!IO 
Tl .. 

Fig .  2 .  Effect of activi ty in 
operating room on mi croorganism 
levels . 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


2 9 7  

Microbio logy of Human Skin 

d irty ins truments ; the patient is undraped , picked off the table , and put 

back onto the cart . The floor is mopped . There is an excellent correla

t ion between the degree o f  act ivity and the airborne bact erial populat ion . 

Th i s  is probably due to two causes : we are scuffing up sett led organisms 

f rom the floor , and probab ly more impo rtant , as our act ivity increases , our 

clothes rub and contact the skin and we break off  more skin part icles . 

The legend indicates one pat ient is taken out and another brought 

in . When a pat ient is brought in the act ivity is very great (moving him to 

the t abl e ,  s crubb ing and gett ing him draped) . New inst ruments are brought in 

and tab l es set up . There is a great deal o f  movement and so the airborne bac

terial populat ion stays high .  As soon as personnel act ivity slows down , the 

number of organisms in the air drops rather dramat ical ly . The samplers , in 

spite o f  being in dif ferent part s o f  the room, collect similar numbers of or

ganisms in the same t ime periods . One o f  the important aspects in maintain-

ing low aerial counts is to reduce personnel act ivity as much as possible . 

Once surgery is in pro gress act ivity goes down and again we reach a level of 

one organism per cub ic foot . 

Another important fact or is the number o f  people present during the 

surgery . The data in Figure 3 show that more airborne microorganisms are re

leased if more people are present . These data were gathered durin g an inter

est ing case which had an increased number o f  spectators . Normally , the sur

gical t eams comprise about ten people , but in this case there were about double 

that number . These observers were standing quiet ly . The airborne bacterial 

levels , instead of being around one per cubic foot , averaged at least ten t imes 

the expected number . In an ordinary turbulence air system operat ing  room, 

it does not matter whether these people are sit t ing  in a gallery or standing 

around the table . Bact eria , being the s ize that they are , follow the gas laws 

and diffuse much as gas does . Although there may be a po int source , these 

organisms will fill the room in a relat ively short period of t ime . The above 

is t rue in any convent ional turbulent flow surgery , but not in the laminar flow 

type that we will be dis cussing during the meet ing .  

The levels of  airborne bact eria in operat ing rooms are usually very 

low compared to other hospital areas . Figure 4 shows the microb ial aerial com

binat ion in a surgical hall . It is of  interest that the number o f  people 
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traversing a cer tain po int is much greater than expected . The levels in the 
hall  ave rage 15 bacteria per cubic foot . Many coagulase 1±L Staphylococci are 
present in the hall air . Most o f  the organisms found in hall samples were 

human skin b acteria. 
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The data in Figure 5 indicate what happens when an infected patient 

is brought into surgery . This was a pat ient with a severe staphylococcal in

fect ion . Within a minute and a half aft er arrival (the bandages were not yet 

removed) , the samplers began to pick up the phage-type of  staphylococci found 

in his wound . He cont inued to shed these organisms all during the procedure 

in relat ively large numbers . Int erest ingly enough , two minutes after the pa

t ient was removed from surgery , we could not find the organisms in the operat

ing room (walls , floor , or �ir) . They had most likely been swept out in the 

exhaust air . 
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Fig . 5 .  Pat ient with deep abscess . 
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The rapidity with which microorganisms can be  disseminated is 

indicated in Figure 6 .  This was a rather fortuitous- type o f  situation in 

which the surgeon happened to cut into a deep abscess o f  which he was not 

aware . One minute after the inc ision the phage-type of organ ism that was 

isolated from the abscess was demonstrated on the sampler plat es .  Despite 

complete removal of  the abscess ,  the organism was present in the operat ing 

room air as long as the pat ient was present . As soon as he was removed 

from the room the staphylo coccus disappeared . The important aspects are 

the speed with which the organism disseminates , and that it is present in 

sufficient numbers for easy sampling .  

" 

14 
I S  

• 

4 

I 

• ......,... 1 1_ .... ., ..,  . ..,, ..... , 
0 S.MplerJI(- - of INft) 
� Cootu- ...., .... ....,.,_, 

t* 110 • tOO I 10 II 10 II 

Tl.,. 

Fig . 6 .  Pat ient with draining wound . 
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Table 5 shows data that relate surgical team personnel to infections 

ori ginating in surgery . Twelve patients were infected by one surgeon in a 

perida o f  two weeks with the same phage-type staphylococcus . The surgeon had 

subsurface boils that had not yet erupted , but he was shedding large numbers 

of  organisms . His skin was checked using contact plates and in Table 6 i t  

was noted he was colonized with the proper phage-type o f  staphylococcus . 

Every site sampled during the third week was posit ive . At five weeks the j aw 

was negat ive , but the other sites were posit ive . At six weeks some sites be

came negative , and at nine weeks the 80 /81 staphylococci remained only in the 

area where the boils originated . During this period o f  t ime he received auto

genous vaccine because the st aphylococci could not be controlled or removed 

with ant ibiotics . 

Table 5 . Surgical Infections Related to a Shedder 

Surgical Schedule 

Thursday Tuesday Thursday Friday Saturday 

Pt . 2 ,  Sa Pt . 3 ,  Sa Pt . 9 ,  Sa Pt . 10 , Sa 
Pt . 4 , Sa Pt . 11 , Sa 

Pt . 1 ,  Sa
1 

Pt . 5 , Sa 
Pt . 6 ,  Sa 
Pt . 7 ,  Sa 
Pt . 8 ,  Sa 

Table 6 .  Colonizat ion o f  a Staphylococcus Aureus Shedder 

Duration Weeks 

3 5 6 
Site 

Nose 80 / 81 52/52A/ 80/81 52/52A/ 80 / 81 
Jaw 80 /81 Negative Negative 
Arm 80 / 81 80/ 81 Negat ive 
Shoulder (front ) 80/ 81 Negative 
Lesion (rt . chest)  80 /81 80 7 81 
Back (midline) 80/ 81 80/81 Negat ive 
Waist 

Thursday 

Pt . 12 , sa
2 

9 

4 7/ 5 3/54 
Negative 
Negative 

Negative 

80/81 
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The fact that he carried these organisms on the skin is not o f  

prime importance . The import ant aspect is the shedding o f  the pathogen 

into the air . We different iate between carriers and shedders , and find 

that carriers , by and large , in surgery are not dangerous . It is only 

when they become shedders that they become dangerous . The shedding studies 

shown fo r this individual in Table 7 were performed three weeks fo llowing 

the outb reak . In doing a shedding study the individual is placed in a 

small room with an air sampler , and the air is sampled for three different 

ten-minute periods . First o f  all ,  he sits quietly , then he moves around the 

room rather moderately , and finally he moves about rapidly . Some non

typable st aphylococci and some not relat ed were isolated from the room be fore 

the subj ect was allowed to enter . When sit t ing very quiet ly he was not shed

ding . When he start ed to move about , he began to shed and we began to pick 

his organisms out o f  the air . The same t ests were repeat ed at six weeks when 

his skin became negat ive (except around the waist )  and he was not shedding . 

He was allowed to go back into surgery with no further problems , even though 

he did cont inue to carry the 80 /81 staphylococci on the skin in the area o f  

the healed boils . 

Act ivity 

Room only 
Sit t ing 
Moderate movement 
Rapid movement 

Room only 
Sitt ing 
Moderate movement 
Rapid movement 

Tab le 7 .  Shedding Studies 

Total Count / 
Cubic Feet 

Six Weeks 

6 
1 3  
4 1  
5 1 

3 
6 

12 
10 

Phage Type 

4 7 / 5 3/83 , no type 
No type 
80 / 81 
80 / 81 ( 2 )  

N o  type 
No type 
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Microb iology of  Human Skin 

In summary ,  the human being is the important source of airborne 

organisms in surgery . It is very rare that the mechanical equipment , the 

walls , or the inst ruments are sources if  they are cared for properly . 

Most o f  the airborne organisms in surgery are gram-posit ive . 

What has been discussed here refers only to an operat ing room and 

not t o  other part s o f  the hospit al , such as nursing stat ions where direct 

cont act of individual to individual , nurse to pat ient , and then on to another 

pat ient , is probably the prime method by which organisms are spread . In an 

ope rat ing  room, the use o f  barriers indicate the airborne route to be the most 

important . 
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AIRBORNE CONTAMINATION IN POSTOPERATIVE WOUND INFECTION 

The Significance of  Airborne Contamination 

The relative importance of airborne b acteria contamination in causing 

postoperative wound infection cannot be settled with any f inality s ince it 

depends on local operating  room conditions , and the techniques and discipline 

of a p articular operating team. The better these are , the more relatively im

portant will be the danger from airborne contamination . Even l.Ulder s tandard 

conditions for general surgery , however , it is indisputab le that ai rborne con

tamination can result in infection , and the author has yet to hear any o ther 

accep table explanation for the development of s treptococcal infection derived 

from the anus of the anaes the tis t  (8 , 14 , 15 , 19 ) . 

Whatever may be  its relative importance under specified condit ions , 

an analysis of the poss ible causes of exogenous infection makes it clear that 

airborne bacteria cannot be safely ignored . The basic  f acts are simple . 

For postope rative wol.Uld infe ction to occu r ,  bacteria mus t reach the 

wol.Uld . They may do so either endogenously or exogenously .  The former cannot 

be prevented by aseptic technique , the latter can . Bacteria from the externa1 

environment can reach the wol.Uld only if carried on some obj ect which makes 

physi cal contact with it . The number of obj e cts making such contact is limited 

and the possible mechanisms for their contamination are also limited . They may 
be lis ted as follows : 

1 .  The skin o f  the patient 

Ineffective sterilization or isolation of the pat ient ' s 

skin may lead to direct or indirect contamination of the woun d .  

An integral part of aseptic technique entails meas ures to 

preven t this occurrence .  

* 

2 .  The hands of the operating team 

These are isolated by impervious s terile surgical gloves 

subj ect to only four routes of contamination : 

Department of Microbiology and Immunology , Faculty of Medicine , Universi ty of 
O t tawa , Canada. 
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a. S terilization failure . 

b .  Puncture due t o  faulty manufacture o r  damage during 

the operation . 

c. Con tact with  a contaminated object . If the obj ect is 

external this is a breach of aseptic t echnique . Con

t amination by contact wi th the surgeon ' s gown (3 , 4) 

through whi ch skin bacteria have penetrated is a case 

in poin t .  If the contaminated obj ect is within the 

wound , then endogenous ly derived bacteria are already 

pr esent . 

d .  Airborne . 

The remaining objects which can act as vehicles for wound contamina

tion are the ins truments , towels and drapes , sponges , suture material , irri

gating fluids , dressings , topical applicat ions , and air . These are subj e ct 

only to  three possible routes o f  bacterial contaminat ion - s terilization 

failure ,  contac t with hands or body of scrub-nurse or surgeon , and via the air .  

This list may not be exhaustive , but the message i s  plain .  Apart 

from the special risks of puncture of  the operat ing team' s gloves and f ailure 

to protect from the patient ' s  own skin , only three sources of contamination can 

be identified and the first two of these represent breaches of s tandard aseptic 

technique . The third is the air.  

In fact , if standard t echnique is e ffectively carrie d  out , then the 

airborne route of contamination , either direct ly to the wound itself or in

directly through the various intermediaries listed constitutes the only means 

by which bacteria from the external environment can reach the wound . 

Under these circumstances , it is clearly ne cessary t o  examine the 

sources from which the air i tself der ives it s contamination , and there is no 

ques tion that in the operat ing room , the source of primary impo rtance is the 

operating team itse l f .  Riemensnide r  and S eiple (17 , 20) have shown the s tartling 

degree to which the human body sheds bacteria-laden particles , and more recent 

studies (1 , 2 , 12)  have demons trated that these are mainly derived from the 
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perineal area , which is no t only the external "cess-p it" of the human body 

with regard to enteric b acte ri a ,  but is also one of the primary sites of 

S taphyloco ccus aureus carriage . It was Charnley ' s  recognition o f  the over

whelming impo rt ance of people as the source of dangerous contamination in the 

operat ing room that led to his success in contro ll ing wound in fection by 

physical isolation o f  the operat ing team (3 , 5 ) .  

If i t  be accep ted that the ar gumen t so f ar  p resen ted is soundly 

based and logically deve loped , then two conclus ions are ines capable : 

1 .  When s tandard asept i c  t echnique i s  ef fect ively applied , the 

airbo rne route is the only remaining one by wh i ch bacteria 

from the ext ernal environment may reach the wound . 

2 . The air is the only unsterile object permi t ted to make un

res tricted contact wi th the wound and wi th every other obj e ct 

con tact ing the wound . 

To these conclus ions may be added the ob servation that they are no t 

wholly theoret i cal , s ince epis odes exis t  even in general surgery wh i ch can be 

explained in no other way than by ai rborne con taminat ion .  

I f  i t  b e  granted that the air i s  in fact a veh icle for bacterial 

contamination ,  one mu s t  decide whether i t  should be cont rolled and , i f  so , how? 

Techniques of Air Handling 

Mo dern technology has made the produ ct ion o f  adequate quant it ies of 

s terile ai r a simple matter s o  that the achieving of a bacteria- f ree environ

ment at the wound site has be come simply an exer cise in ventilation te chnique . 

In the class ical approach , f iltered ai r is in t ro duced peripherally to the op

erat ing room , and is als o  s cavenged peripherally . Wi th turbulent vent ila tion , 

about 60 pe rcent s cavenging e f f iciency is the e f fective limi t ,  but the int ro

duc t ion o f  the laminar- flow ven tilation p r in ciple has raised this limit too 

close to 100 pe rcent provided that a rectilinear space is maintained wi thout 

phys ical inte rruption of the airflow .  The room must in fact be rect angular 

o r  cylind rical and empty . Any dep ar ture f rom these condit ions will disrupt 

the laminar-flow pat tern , and tend toward turbulent ventilat ion . Clearly , the 

ideal canno t be achieved in an operating room. FUrthermore , any vent ilation 
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system in the operating room relying on the peripheral introduction of sterile 

air 1eavea the operating team the main source of contamination , b ecause of i ts 

locat i.on between the sterile air supply and the woun d  site which is to be  p ro

tected . Not only does the lat ter rep resent a ventilation deadspace , but it is 

also the seat of r is ing conve ction currents , termed "wound thermals , " and 

demons t rable by Schlieren photography , whose velocity exceeds that of achiev

ab 1e 1aminar-flow sys tems (9) . It was the recognition o f  the s urgical team as 

the lll8jor  source o f  bacterial cont amination , and the impossib ility of achieving 

laminar f low, that led Charnley to advocate the comple te isolat ion o f  each 

member o f  the team with an individual airflow vented to the exterior . 

Despite these l imitations , a tremendous amount o f  work has been put 

into the application of laminar-flow ventilation to surgery , with marked and 

clear ly demonstrable reduction of bacterial air loading even at the wound site 

(6 , 7 , 13 , 16 , 1 8 , 21) . 

In 1968 , Marsh and Beck (11) , recognizing the p rimary source of con

taaination and the consequent basic  weakness of  any ventilation sys tem relying 

on a peripheral source of air , introduced the logi cal concept o f  generating the 

supply of sterile air at the wound site itself . Under these condit ions , an 

expanding bubble of s terile air would be generated between the critical area 

to be protected and the surgical team, so that contaminat ion from the latter, 

and f rom any o ther source in the operating room would continuously be driven 

away from the wound , which would itself be cons tan tly bathed in the flow o f  

sterile air.  Furthermore , the rising column of sterile .air is  aided rather 

than opposed by the ''wound thermals . " 

The work o f  my colleagues and myself represents an independent develop

ment of this concept to the point of practical applicability under operating 

room conditions . In the sys tem which we have developed , sterile air is intro

duced from a simple fan-fil ter unit into a cloth channel sewn into the final 

surgical drape so that the wound s ite is surrounded by a diffusing collar . 

Sterile air emerges from this diffusing collar at a velocity of  100-200 f t/min , 

and effectively isolates the wound f rom external airborne contamination at 
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challenge velocities up to 300 f t /min . At this breakthrough point , 

quan titative assessments have shown a penetration of  one particle in 2 0 , 000 . 

Unde r normal conditions of  operating room contamination , this would permi t  

70  hours of continuous operating time in a three-mile-an-hour wind for each 

viable particle penetrat ing . Under operating room conditions , this approaches 

complete protection . 

As an adj unct to the wound-site diffuser or isolator , it  is also nec

essary to pro tect the instr1Dilents and o the r  paraphernalia on the ins trument 

t rolley and Mayo stand, and the hands of the operating team. This is achieve d 

by means of a modified "clean s tat ion" providing sterile air ,  which sweep s  

over the inst rument trolley and unites with that from the wound-site dif fuser , 

to give a s terile air corridor wi thin which the surgical team operate s .  I t  

should b e  emphasized that in the abs ence o f  the wound-site dif fuser the clean 

s tat ion canno t give effe ctive pro tection at the wound site . 

In our presen t design the two fan-filter units are housed in a single 

cabinet but operate independently ,  and either can , in f act , be used without the 

o ther. In an operating room already suppl ied with a laminar-flow s terile-air 

venti lation sys tem , the clean s tation would be superfluous , and the wound-site 

iso lator alone would be required . This could be housed in a uni t of about 

2 ft X 2 ft X 2 ft 6 in . 

The syst em  is flexible , relatively inexpensive , and mobile . While its 

main value would appear to  lie in critical orthopaedic or cardiovas cular pros

thet i c  surgery ,  it could also provide an inexpensive means fo r upgrading sub

s tandard surgical f acilities , and would be capab le , in addition , of providing 

class 100 operating room faci li ties under field conditions in military or di

sas ter emergency hospitals . 

In conclusion , we would l ike to express a personal opinion . Whatever 

may be the virtues o f  one ventilation system over another , there can be no 

j us tification in critical surgical pro cedures for tolerating evident hazards 

which can be eliminated by simple exis ting technology .  The American College 

o f  Surgeons has recently taken the position (10) that " there is no convincing 

evidence at this time that laminar , clean airflow ,  in itsel f , has a favorable 

influence on the incidence of surgical wound infections . " We would like to 
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sugges t that the issues with which we are now concerned no longer l ie ,  for 

logistical reasons , within the realm of effective s tat istical evaluation , and 

s tatis tical impoten ce is not a valid excuse for the rej ection of simple con

clusions based on known fact s .  More legitimate i s  their rej e ct ion on grounds 

of cost benefit--that the benef its to be gained do not j ustify expenditure on 

spe cial air-handling sys tems . Compromise between the des irable and the p rac

tic al is a familiar situation , but should be accepted for what it is , and should 

not be shrouded in politi cal smoke s creens aime d at facili tating evasion of the 

issue . 
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PRINCIPLES OF HIGH VELOCITY DIRECTIONAL AIRFLOW SYSTEMS 

Willis J .  Whit field* 

I was asked to speak on the "Principles of  High Velocity 

Direc t ional Airflow Systems . "  First , I shall define "high velocity" and 

"direct ional" airflow as they are related to  these types o f  clean rooms . 

"High Velocity Airflow" is high velocity only when compared to 

the " l ow velocity" (20-30 ft /min) systems that you heard report s on earlier 

today . Airflow velocit ies of  the system that I will be describing operate 

over a range of 80 to 100 ft /min , or about one mile per hour . These must 

also be considered low velocit ies when compared to other velocit ies with 

which we are familiar . 

"Direct ional" airflow means that the ent ire body of  air in the 

room is moving in a single direct ion , either ceiling-to- floor (vert ical 

flow) or one wall  to  the oppos ite wall (horizontal flow) . A better des crip

tion might be "unidirect ional turbulent flow . " Also , an adequate description 

is contained in Federal Standard 209B for this type of airflow , designated 

as "Laminar Airflow . " 

I shall be very b rief in describing the principles o f  the unidirec

tional airflow system as many of you have been working with these systems for 

a number of years . Very l ikely the rest of you have been exposed to  the idea 

many t imes . More informat ion is contained in Sandia Laboratories Report 

SC-M-69-1291 . 

The basic idea is a st raight forward one , and may be described as 

"the ent ire body of air in a room that flows uni formly in the same direct ion 

throughout the room . " Several element s are necessary to achieve this act ion 

including a filter bank , plenums , blowers , a containment system and tempera

ture cont rol . Figure 1 depict s one arrangement of  those elements which pro

vide very rigid control over airborne part icle contaminants o f  which microbes 

are a part . This system is commonly referred to as the vert ical downflow 

type . Air enters the room through the ent ire ceiling and exits the room 

through the ent ire floo r .  Th i s  arrangement provides a very short path for 

*Division Supervisor , Biosystems Research Department , Sandia 
Laboratories , Albuquerque , New Mexico 
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removal of  contaminat ion from the room , and offers a high degree o f  isolat �on 

for any given locat ion within the room . Usually , this type o f  room is the IDO & t  

expens ive to  install . 

I 
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BASIC LAM INAR A IR FLOW CON CEPT 
Fig .  1 . 

The same principle is appl ied to the curtain unit except that air 

exits beneath the curtain instead of through the floor . 

Another variat ion o f  the basic principle is the cross flow , or hori

zontal flow room. In this case , air enters the room through one ent ire wall 

and exit s through the opposite wall .  A variat ion o f  the horizontal flow idea 

is the "tunnel" room which is the same as the horizontal unit , except the air 

exit s through an open end of the room. 
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Pr inc iples of High Ve loc ity Direc tional Air f low Sys tems 

The unidirec tiona l sys tems descr ibed here have the capability of  

mainta ining c lose control  of airborne microbes , thereby , dras t ica lly limi t ing 

microbial fa llout onto sur faces within the room . This has been shown by 

Turner ( 2 ) , McDade ( 3 ) , and others with a large number of tes ts in ope rat ional 

surgical  suites . 

RELATIONSHIP OF AIRBORNE CONTAMINATION TO PATIENT CONTAMINATION 

In order to better unders tand the need for a c lean room in surgery , 

a rev i ew is presented here of common modes of microbia l  contaminat ion trans fer 

to a patient . S uch  a trans fer becomes of conc ern when the contaminat ion affec ts 

the pat ient in a damaging manner , such as by infec tion or allergy . 

1 .  S e l f  contamination occurs when the pat ient ' s  microbia l f lora 

cause problems as a result of surgery or med ica l treatment . 

2 .  Direc t trans fer is a h igh probabi lity mode of trans ferr ing 

contaminat ion d irec t ly to the pa t ient by contac t wi th surgica l ins truments , 

the surgical team or monitors . The clean room has the potent ial of prevent

ing a irborne microbia l contamination from c o l lec t ing or "se t t l ing out" on the 

surgica l  ins truments , personne l , trays , or �lothing which can be trans ferred 

direct ly or indirectly to the patient . 

3 .  Direc t fa l lout or impingement is the mode by which airborne 

microbes are trans ferred d irec tly from the a ir to a pat ient . The c lean room 

e l iminates this mode of contaminat ion trans fer to the extent of a ir c leanl iness 

immed iate ly surround ing the pat ient . Air c leanl iness near the pat ient depends 

upon : 

(a )  the c lean room ' s fi ltrat ion c apabi l i ty of c leaning the 

a ir enter ing the c lean room ; 

( b )  c lean room a ir ve loc i ty ,  d irec t ion and pat terns in the 

immed iate vic inity of the patient to pr ovide fas t remova l 

of microbia l  par t ic les shed by personne l and ins truments . 

Also , correc t air f low charac ter is tics wi l l  reduce cros s 

trans fer o f  contaminat ion within the c lean room;  
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(c ) the amount of c ontaminat ion generated or carr ied to the 

immed iate vic ini ty of  the pat ient ; 

(d )  c lean room work proc edures , which . can reduce microb ial 

contamination brought near the pat ient . 

I t  should be emphas ized that even though d irec t fa l lout or impingement rates 

are sma ll ,  the ind irec t e f fec ts o f  a irborne contaminat ion are ser ious . I t  is 

for this reason that a irborne c ontaminat ion mus t be control led be fore very 

c lean sur faces can be obtained and maintained . 

Very often the effec ts of contamination can be great ly reduced with 

ex treme care wi thout the use of c lean rooms . However , techniques involving 

ex treme care in c leaning , sequenc ing o f  procedures , and tr ia l and error me thods 

us ed to les sen the danger of  contaminat ion wi thout a c lean room , many t imes 

cos t more in time , effor t , and r is k  than a c lean room would cos t . 

DETERMINING .THE NEED FOR CLEAN ROOMS IN SURGICAL SUITES 

For low-r i s k  s urgery where infec tion rates are low to beg in wi th , 

the bene fits  of  the c lean rooms wi l l  also  be low .  For h igh-risk  s urgery the 

c lean room wi l l  l i ke ly be of  much greater bene f i t . Un less  c lean rooms are 

used for a l l types of surgery , dec is ions mus t be made as to which s urgica l 

c ases require the microbia l contro l provided by a c lean room . 

The surgeon is the most logical person to make these decisions s ince 

he can best assess the risk of a given surgical procedure , the condit ion o f  

the pat ient , and determine the select ion o f  instrument s  an d  other equipment 

for his personal use . 

One thing is missing that is necessary for the surgeon to make such 

decisions - discrete airborne microbial levels or standards . Standardizat ion 

is needed to provide the surgeon with a method o f  designat ing airborne micro

b ial levels for operat ing rooms to meet specific  surgical procedure needs . I 

am convinced that the t echnology exists today to create such standards . 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


315 

Wil lis J .  Whi t f ie ld 

REFERENCES 

1 .  L ind e l l , K .  F . , W .  J .  Wh i t f ie ld , and D .  M .  Gars t ,  Des ign Requirements for 
Laminar Air flow C lean Rooms and Devices , Sand ia Laborator ies Report 
SC-M- 69- 129 , Hay 1969 . 

2 . Turner , R .  S . ,  "Laminar Air F low, " repr int from the Journa l o f  Bone and 
Joint Surgery , 56-A :430-435 ,  March 19 74 .  

3 .  McDade , J .  J . , J .  G .  Wh itcomb , E .  W .  Rypk , W .  J .  Whi t fie ld , and C .  M .  
Frank lin ,  '�icrobio lo�ical S tud ies Conduc ted in a Ver t ic a l  Laminar Air f low 
Surgery , JAHA 203 : 125-130 , January 8 ,  1968 .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I n f o r m a l  P a p e r s  o f  a  W o r k s h o p  o n  C o n t r o l  o f  O p e r a t i n g  R o o m  A i r b o r n e  B a c t e r i a ,  N o v e m b e r  8 - 1 0 ,  1 9 7 4 ,  W a s h i n g t o n
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 0 1

http://www.nap.edu/catalog.php?record_id=18601


316 

ULTRACLEAN ENVIRONMENTS - A BRITISH POSITION 

William Why te* 

INTRODUCTION 

It is my intention in this paper to repor t on the basic des ign data 

that exis t at the present time in the United Kingdom on ultraclean sys tems . I 
shall no t cons ider the way in which conventional turbulently venti lated operat

ing rooms are des igned to prevent airborne infection : f irs tly , because of the 

t ime available and , second ly ,  I would be repe ating what has recently been re

ported in the UK by a Joint Working Par ty ( 7 ) . Al l  current thinking on the 

design of ventilation sys tems and air movement con trol in the ope rat ing sui te 

has been inco rporated into this report . 

It is natur al that this pape r will draw heavily on my own resear ch 

work , but I should also like to repor t on same of the work carried out in the 

smal l number of  UK centers where there are ultraclean sys tems . This d oes not , 

however, include any more than a f leeting reference to the extensive work of 

Profes sor John Charnley whose research it is hoped , will be well known by , and 
extensively referred t o ,  by othe rs at this workshop . It is worth noting that 

al though the numbe r of ult rac lean sys tems in the USA mus t  be counted in their 

hundreds , the re  mus t  cer tainly be no more than twen ty in the UK at the present 

time . 

To prevent airborne contamination of the wound , three methods of ap

proach are pos sible : 

1 .  to protect the wound so that airborne bacterial part icles 

cannot get to i t ;  

2 .  to wear impe rvious clothing to prevent b acteria being 

liber ated at the s our ce ; and 

3 . to dilute and , if poss ible , remove all bacterial partic les by 

ventilat ion . 

The contention that the so lution to wound contamination lies in pro

tect ing the wound is held by the exponents of the p lastic f ilm isolator sys tem, 

a modification of  systems built to produce genn-free animals . However ,  the 

o the r approach to the ult raclean environment , which has at the present t ime  in 

* 
Building Services Research Unit , Departmen t of Mechanical Engineering , 
Un iversity of  Glasgow , Glasgow , Sco t land . 
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in the UK the greatest numbe r of  adherents , is the use of unidirectional or 

laminar f low systems (to dilute or remove bacterial part icles ) with or without 

the use of special clothing (to prevent the dispersal of b acteria) . 

I propose to discu ss what has been d one and what is known about 

these two approaches , f irst ly ,  by discussing the plastic film isola tor type o f  

system , and then, in more depth, the unidirectional systems and the ro le of 

clothing in redu cing the chance of wound contamination . 

PLASTIC F ILM  ISOLATORS 

For many years large quantit ies of animals have been born and raised 

germ free by the use of the pl astic film isolator technique . Inst inc tively one 

would expe ct su ch a successful  system wou ld have an application t o  the oper 

ating room , and this is so , having been applied recently in the UK to surgery 

and now on sale commercially . This system has re cent ly been described by the 

pioneer of no tobiot ics ,  Trexler (8) , and it s app lication to orthopaedi c  surge ry 

is described by McLauchlan !! al . (6 ) . 

Shown in Figure 1 is the diagram of the apparatus used by McLauchlan 

and his colleagues , its  func tion and use be ing more fully described in their 

paper .  Simply , it  consists of a thin-film plast ic bag which is infla ted by a 

continuous supply of sterile air supplied by a blower unit through a filter 

unit . The bag is stuck to the skin at the wound s ite and an inci s ion ma de fr om 

the inside of  the bag through the isolator wa ll and patient ' s skin . The· opera

t ion is carried out by the operating team using the a ccess sleeves for their 

arms.  Instruments and materials are passed through the entry port and along 

with the operating wound are i solated from ou ts ide contamination . Various in

genious methods are used to ensure the integrity of the syst em  against bac

terial contamina tion and to keep its  use as convenient as possible . Airborne 

bacter ial samp ling has demonstrated the sterility of the system . 

These units are commer cially available in the UK and are present ly 

being used in several centers in the UK. Hundreds of hip ar throp last ies hav e 

been carr ied out under their pr ote ction. 

UNIDIRECTIONAL FLOW SYSTEMS AND OPERATING ROOM CLOTHING 

I t  has been explained above that the pl as t i c  isolator system wi ll 

protect the wound so that no airborne ba cteria can be dep osited in it .  There 
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are , howeve r ,  two other  dis t inct ways of preventing airborne contamination . 

On the correct assumption that in modern ope rat ing theaters almos t all the 

airborne bacte ria in the are a of the wound are derived from operating room 

pe rsonnel , it is possible ei ther t o  prevent the bacteria be ing dispensed by 

them us ing o cclus ive clothing , or to  di lute and hope fully remove them from 

the air by vent ilation . 

Unf ortunately for reasons which are exp lained below , i t  is no t 

pos s ib le at this t ime to produce a comp letely s terile environment by either 

method alone . It is necessary to  use both methods . 

SU��ING F LUT T E R  VALVE 

AIR- SUPPORTE D  ACCE SS SLE EVE 
ENTRY PORT 

BLOW E R  
U N I T  

COOLING JACKET A I R  SUPPLY 

Fig . 1.  Diagram of plas t i c  film iso lator .  

DILUTION BY UNIDIRECTIONAL FLOW SYSTEMS - AVAI LABLE DESIGN DATA 

Over the last few years at Glasgow we have been assembling research 

da ta on the perf ormance of laminar flow systems in an attempt t o  opt imize their 

performance . Shown in Figure 2 is a se ct ional drawing of our laminar flow 

system as installed in Gartnavel District General Hospita l ,  Glasg ow .  This i s  a 

s light ly modif ied vers ion of the system whi ch was f irst inst al led f our years 

ago in another hospita l (10) . It  should be no ted that this system has the fa

cility for changing both air direction and velocity during an operation .  

There were a number o f  problems which existed , indeed still exist , 

on the des ign of these systems and I should like t o  cons ider in turn the prob-

lems as I see them . 
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Fig . 2 .  Se ctional drawing of opt ional-direction , variable speed , 
laminar-f low sys tem : a .  primary f i lters ; b .  s ilencers ; c .  variable 
speed fan ;  d. variable direction flap normally e ither up or down ; 
e .  High Efficiency Parti culate  Air (HEPA) f ilters ; f .  front plas ti c 
curt ain ; g .  laminated glass ; h .  body-exhaus t duct ; i .  pe rsonal ex
haust tubes ; j .  return ai r gr ill ; k .  si de flap ; 1 .  skeletal lamp ; 
m.  audio controls . 

1 .  Downf low or cros s f low? One o f  the bas ic ques t ions we set  out to 

so lve was whe ther or not cros s f low was bet ter or worse than downflow in terms 

of air borne bac ter ia at the wound s i te .  The cros s f low s ys tem is in genera l 

cheaper to bui ld and ins ta l l  and because o f  the open end there is be t ter communi 

cat ion and access i b i l i ty . Unfor t una te ly , our s t ud ies showed that us ing conven

tiona l  operat ing c loth ing the downf low s ys tem was around f ive t imes be t ter in 

terms of air borne bac ter ia at the wound s ide dur ing ma j or or thopaed ic s urgery . 

By meas ur ing the air borne bac ter ia l count wi th in 10 em of  the wound site  by means 

of a ·specially adapt ed Casella high-vo lume s amp ler drawing 700 1 /min . (25  cfm) . Qf 
air ,  the counts as shown in Figure 3 were as cert ained . Sampling was carried out 

for up to 10 minu tes and then either the air veloci ty or direction was changed . 

This was carried out through the entire operation and it  may be clear ly seen 
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from this s tr ic t ly control led exper iment that  downf low, in terms of airborne 

bac teria l  par tic les samp led at the wound , was around five times be tter than 

cros s f low at 0 . 3  to 0 . 5  m/s ( 60- 100 ft /min) . The full  results of this exper i 

ment are contained in our paper ( 12 ) . 
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2 .  Ve locity requirements . Also shown in F igure 3 is the bac teria l  

concentra� ion t o  be found at  the wound s i te at ve loc ities varying from 0 . 1 m/s 

to 0 . 6  m/s ( 20- 120 ft/min) . As seen from this graph , the higher the ve loc ity 

of  the  unid irec t ional air f low the lower the bac ter ia l count . However , as in s o  

many s itua t ions , the e f for t (and hence cos t )  expended in achieving very low 

air borne bac ter ia l counts in an operat ing room is not proport iona l to res ults . 

This means that a point mus t be drawn where moderate effor t and good des ign 

wi ll  achieve a h ighly effi� ient s ys tem . A s tudy o f  Figure 3 wi l l  show this 

point to be around 0 . 3  m/s ( 60 ft /min) . A llowing a small  margin of safe ty , we 

now run our sys tem at  0 . 35 ( 7 0  ft /min) us ing a downf low of  air . 
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3 .  Wa l ls or no wa l ls ? Unfor tuna te ly ,  a l though a downf low sys tem o f  

air movement is the bes t  bac ter iolog ica l ly ,  it  is not the bes t  i n  terms o f  

acces s or freedom o f  commun ica t ion . Because o f  the apparent neces s i ty of  having 

walls to prevent entra inment of a ir from outs ide the c lean area , the operat ion 

team is shut in and communicat ion and access  for X-ray equipment , etc . is very 

difficult . The access prob lem may be overcome by removab le wa l ls , but this 

:annot be cons idered a fu l ly sa tisfac tor y solution . We have s tud ied this prob

lem and sugges t  as a poss ible solution the use of a downf low partial-walled 

sys tem . These par tial wa l ls rep lac e the full  wa l ls be ing located around the 

per iphery of the c lean area , and hang down to bead he ight . A photograph of a 

par t ia l-wa l led s ys tem at the London Hospita l  is s hown in Figure 4 .  

Fig . 4 .  Part ial-walled system at the London Hospital . 
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By cons truc t ing a 1 / lOth scale water mode l and ens ur ing the Reynolds 

numbe r to be the same in the water model as the airflow in the laminar flow ope r
ating room , it was possible to predi c t  the typ� of flow and the e ffectivenes s o f  
the sys tem in prevent ing pene trat ion by contamination from the outer d irty  ar e a · 

( 15 ) . Th is e ffec t iveness  is assessed by injec t ing dye as a cha l lenge to the 

s ys tem , an example of this be ing s hown in Figure 5 .  

C!: I L I N G  
ME IGHT 

j 'T' j 

Fig . 5 .  Dye cha l lenge of  part ia l-wa l led , water-mode l sys tem . 

We a lso have had the oppor tunity of s tudying at  the London Hospital  

( 14 )  a par t ia l-wa l led operat ing room .  An asses sment of  this sys tem highligh ted 

some des ign fau lts , but by means of  bubble generators , smoke cha l lenge tes ts 

and ve loc ity read ings it was poss ible to show tha t :  
a .  the type of a ir f low was s imi lar to that of  the water mode l ;  
b .  t he par tial  wa l l  was pre ferab le to no wa l l ; 
c .  e ntrainment was poss ible but the amount of  contamination which 

reached the operating table was very sma l l - - about 1/ lO , OOO th of that  on the 

outs ide area , but it was 1 / lOOth at the per iphery of the c l ean area where the 

ins trument tro l leys could be s i ted ; 

d . in order to achieve the same a irborne bac ter ial concentrat ions 
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as the fu l l  wa l led s ys tem , the a ir f low wou ld require to be increased by 25 

per c ent because of the a ir moving s ideways ( as shown in Fig . 3 )  ins tead o f  

be ing forced down b y  the cons tra ining wa l ls . 

4 .  Obs tr uc t ions and thermals . Low- speed unid irec t iona l  flow 

sys tems , as sugges ted by B lowers ( 2 ) , have been shown to be d isrupted by ther

mals r is ing from operat ing room pers onne l and operat ing lamps . On s tudying 

this prob lem in the h igher s peed laminar flow s ys tems by means of Schl ieren 

photography (an optica l me thod by wh ich hot a ir may be seen) , it was pos s ible 

to demons tra te ( 13 )  tha t  the mos t intens e heat source in our sys tem , whic h was 

a quar tz - ha logen operat ing l ight g iv ing off  1 kw of heat , would be overcome by 

the d own f low of a ir at s peeds over 0 . 3  m/s ( 60 ft /min) . I t  is there fore ap

parent that the a ir f low in laminar flow s ys tems wi l l  not be d isrupted by ther 

mals . 

Inves t iga t ions were a lso carr ied out on obs truc t ions of  the laminar 

flow s ys tem by use of bubb le generators which produc e sma l l  ne utral- buoyanc y 

de te rgent bubb les . Shown in Figure 6 is the effec t on unid irec t ional air f low 

of t he large lamp of the type us ed in the great ma j or i ty of Br itis h operat ing 

thea ters . The a ir in the turbu lent area behind this lamp wi l l  have h igh con

centrat ions of  contamina t ion if i t  is in contac t with bac ter ia be ing d i spers ed 

by the operat ing team . In a s imi lar fas hion if  it is in contac t with the wound 

s i te , i t  wi l l  s ubjec t the wound to h igh concentrations of bac ter ia . S uch ob

s tr uc t ions should be kep t  we l l  c lear of  the operat ing s i te , reduced in s i ze or 

comp le te ly removed . 

5 .  F i l ter effic iency and noise levels . I t  is common prac t ice to fit  

f il ters tha t  are of an  e f f ic ienc y grea ter than 99 . 9  percent agains t 0 . 3p par 

tic le s . This prac t ice is obvious ly a direc t copy from the indus tr ia l s i tuat ion 

where these HEPA f i l ters are required to contend with dus t par t ic les of 0 . 5p 

and greater in s ize . As the s ize d i s tr i but ion of  bac ter i a l  par t ic les in hospita l  

areas i s  much larger than t h i s  ( the average s iz e  be ing around 12 to 13� ) ,  it 

wou ld appear that  there is reason for cons ider ing f i l ters that  are les s e ff i 

c ient . A s  these indus tr ia l type HEPA f i l ters have a h igh pressure loss , they 

require large fans which , in turn , generate a great dea l  of no ise if  s i tuated 

c lose or near to the opera t ing thea ter . Use of les s e f fic ient f i l ters would be 

of much bene f i t . 
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Fig . 6 .  Air f low around operating room lamp . 

I have s tudied ( 9 )  the ef f ic iency of a ircond i tioning f i l ters in a 

hospita l  ward when air was be ing rec ircula ted . As it was a hospita l  ward , very 

high ef f ic iency f i l trat ion was not cons idered a pr ior i ty and HEPA f ilters were 

not used , but when a f ina l fi l ter around 80 percent aga ins t 0 . 5 �  par t ic les was 

installed , the bac ter ia l count in the rec ircu lated air was reduced from 1 . 93 
3 3 

bac ter ial par t ic les / ft before the f i lters , to 0 . 013 ft after the filters - -a 

99 . 3  percent reduc tion . Cons iaer ing the a lways present pos s ibility of contami

nation which could acc ount for at leas t  par t of the f ina l bac ter ial concentra

t ion and a ls o  that any par t ic les pass ing through this f ina l f i l ter would not be 

of the s ize that would depos i t in the wound , it wou ld appear that there is an 

exce l lent ind icat ion that HEPA f i l ters are not essentia l .  

A s tandard has now been accepted by the DHSS ( 7 )  for f i l tration of 

rec irculated a ir in the operat ing thea ter of 90 percent aga ins t 0 . 3 p to O . Sp 

part ic les . 
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Use of  these f i l ters wou ld approx ima tely  ha lve the pressure drop a t 

the f i l ter and hence reduc e  the noise leve l but , notwi ths tand ing this , i t  would 

appear tha t  a grea t var ie ty of s ys tems are on s a le wh ich suffer from exc ess 

no i s e , and i t  wou ld be an advantage tha t do ise s tandards be worked toward the 

ach ievement o f  accep ta b le noise leve ls . Th is may be imprac tica b le at the pr e s

ent time , but we s hould ins ist that noise levels , as me asured in the ope rating 

area , be quoted for a given a ir ve loc i ty . 

PREVENTION OF DISSEMINATION OF BACTERIA BY CLOTHING 

I t  has been we l l  es ta b l ished that peop le dissemina te large numbers of 

bac ter ia into the a ir . Duguid and Wa l lac e (4 ) es timated ind irec t ly that a per 

son wi th ord inary c lothing wou ld , dur ing vigorous ac t ivity , d isperse 10 , 000 bac 

ter ia l par t ic les per minute and tha t ord inary opera t ing room c lothing did very 

l it t le to prevent this . 

The impor tance o f  this l ies in the fac t tha t , in an operat ing room 

which is p lenum vent i la ted by f i l tered a ir ,  a lmos t a l l  of  the bac ter ia to be 

found in the a ir are der ived from the opera t ing team and tha t S taphylococcus 

aureus is given off into the a ir in large numbers by carr ier s of  th is pa tho

genic organism ( 1 ) . 

I t  seems obvious tha t opera t ing theater c lothing s hould be des igned 

to prevent d issemina t ion .  Unfor tunate ly , ma ter ia ls wh ich are impervious to 

bac ter ia a ls o  preven t exc hange of  heat and wa ter vapor from the body and , hence , 

are into lerab le to wear . The pre sent approach is e i ther to pr oduc e c lothes 

which are more impermeab le to bac ter ia ye t not unc omfor table to wear , or to us e 

impermeable c lothing and vent i late the pers on . There are a ls o  s ome intermed ia te 

s tages be twe en these two possib i l i t ies . In a ser ies of as  ye t unrepor ted ex 

per imen ts , we have compared , in a d ispersa l  chamber , severa l types of gowns and 

trous ers . We a t temp ted to s imu l a te both c onvent iona l turbu lent and laminar 

f low vent i la t ion in the chamber but , for t he purpos es of  this paper , I should 

l ike to ment ion on ly the res ults obta ined in the laminar f low s i tua t ion . Three 

subjec ts were used , and i t  was demons trated that , by us ing dispos a b le gowns of 

a conventiona l pa ttern made from nonwoven fabr ic ins tead of convent iona l  l inen 

gowns , the a ir borne bac ter ia l counts could be reduced by 60 percent ; but by 

us ing tota l - body exhaus e sys tems of the Charn ley s tyle , the count could be 
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reduced by over 98 percent . In order to tes t the va lid ity of these exper imen t s , 

as carr ied out in the tes t c hamber , a compar is on was made in the oper a t ing 

room be tween 1)  ord ina ry l inen gowns , 2 )  nonwoven fabr ic disposa b le gowns , 

and 3 )  Charnley-style to tal-body exhaust gowns . These showed in the laminar 

flow un it a very s imi lar drop in a ir borne concentra t ion when nonwoven fabr ic 

gowns were used , but the tota l - body exhaus t gowns d id not give quite as good a 
per formance as in the dispersa l chamber . There was some evidence tha t th is 

s l ight ly sma l ler drop was due to bac ter ia be ing dispersed from the pa t ient on 

the opera t ing tab le . 

The bac ter ia l count  in the a ir of  our laminar f low s ys tem when the 

tota l - body exhaus t gowns are be ing used is around 0 . 63 /m
3 

whi ch is  a reduction 

by a fact or greater than 650 in airborne count at the wound sit e  compared to our 

plenum ventilat ed conventional operating room when linen clothes are b eing used . 

AIRBORNE COUNTS , WOUND CONTAMINATION , AND INFECTION 

I t  is obvious from the res ults  c i ted above tha t both the p la s t ic 

fi lm iso lator t ype o f  u l trac lean sys tem and the laminar f low type , s ubs tan

t ia l ly reduc e the number of bac ter ia in the a ir and , therefore , ipso fac to  

mus t a ls o  reduce the number of bac ter ia to be  found in  the wound a f ter s urgery . 

The evidenc e for this s ta tement may be ascer ta ined by wash ing the wound a f ter 

s urgery and count ing the number of organisms iso lated . A s tandard technique 

has been s ugges ted by the Med ica l Research Counc i l ' s  Wor king Par ty on Ultra

C lean A ir in S urgica l Operat ing Rooms for use in c l inica l tr ia ls of ul trac lean 

sys tems , and is be ing used by sever a l  centers in the UK .  The res u l ts of one 

s uc h  compar is on wi l l  be presen ted by Mr . Ge orge Bent le y dur ing this wor kshop . 

He compared a conventiona l ly ven t i lated operat ing room with an u l trac lean one 

with respec t to the number of  bac ter ia in wounds after s urger y . 

The ques t ion s t i l l  remains , however : Wi l l  the number of  bac ter ia in 

the wound be reduced to a leve l s u f f ic ient to a f fec t the inc idence o f  infec t ion ? 

Or to pose the ques t ion another way :  Is  airborne contaminat ion impor tant ? I t  

should no t be nec es sary a t  th is wor kshop to  remind the par t ic ipants o f  the ex 

ce l lent work carr ied out by Profes s or Charnley in the UK . He ma inta ins tha t a 

s ubs tant ia l reduc t ion in deep infec t ion a f ter h ip ar throp las t ies wi l l  be ga ined 
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by us e o f  u l trac lean air in oper a t ing rooms ( 3 ) . Equa l ly we l l , it  shou ld not 

be necessary to ment ion the cr itic ism of  the sequen t i a l  me thod of  his  
·
tr ia l  

where var iab les o ther than a reduc tion o f  air borne bac ter ial  par t ic les , were 

intr oduc ed and the low infec t ion rates obta ined by many other or thopaed ic sur 

geons in conventiona l ly vent i la ted operat ing rooms (see Journa l of C l inic a l  

Or t hopaedics and Re lated Research , S ep tember 19 7 3 ) . Unfor tunate ly in the UK 
ther e are re la t ive ly few cen ters wi th ultrac lean systems , and even fewer wi th 

the years o f  exper ience , or number of operat ions , where Charn ley ' s  wor k could 

be conf irmed . We ourse lves , to date ,  have been more concerned wi th an assess 

ment of  the sys tem from a bac ter io log ica l s tandpoint , rather than from a 

c l inical  one , and have on ly recent ly s tarted a ful ly control led c l inica l  tr ia l . 

This tr ia l is be ing run accord ing to the protocol  set  up by the Med ica l  Research 

Counc i l  Working Par ty on U l tra-C lean Air in S urgic a l  Operat ing Rooms for a 

mult icentered c l inica l tr ial  o f  ultrac lean s ys tems in the UK .  How th is tr ia l  

wi ll be run ,  and an out l ine of  the protoc o l  wi l l  be repor ted b y  Dr . Lidwe l l  at 

this works hop . I t  wi l l ,  there fore , not be neces sary to dup l icate s uch in for 

mat ion . However , i t  is worth ·reporting the clinical results ob tained in 

Edinburgh by Dr . Gould and his c o l leagues . They have now for severa l years 

been c ompar ing a laminar f low sys tem wi th an unvent i lated operat ing thea ter . 

Shown in Tab le 1 are the resu lts repor ted for the years 197 1- 7 2 and 1972 - 7 3  ( 5 ) . 

I t  s hould be repor ted tha t a per fec t ba lance be tween surgeons operat ing on one 

sys tem or the other was no t obta ined , but i t  wou ld appear there is an ind ic a

tion from thes e res ults tha t  deep infec t ion wi l l  be red uced by ultrac lean s ys 

tems . A c omple te answer mus t awa i t  the res ults o f  the mu lt icentered c linica l 

tria l .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I n f o r m a l  P a p e r s  o f  a  W o r k s h o p  o n  C o n t r o l  o f  O p e r a t i n g  R o o m  A i r b o r n e  B a c t e r i a ,  N o v e m b e r  8 - 1 0 ,  1 9 7 4 ,  W a s h i n g t o n
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 0 1
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Table 1 .  Infec tion of Hip Ar throp las t ies 

No . of No . of 
No . of  super f ic ia l  deep 

operat ions infec t ions infec tions 
(%) (%) 

1970  - 197 1 
Unid irec t iona l f low 80 5 ( 6 . 2 ) 0 

Wi thout unid irec t iona l f low 1 10 5 (3 . 7 )  3 ( 2 . 8 ) 

1972  - 1973  
Unid irec tiona l f low 104 2 ( 1 . 0) 0 

Without unidirec tiona l flow 7 6 5 ( 6 . 3 )  3 (4 . 0) 

SUMMARY 

This paper reports  the known basic design dat a  that are available at 

present in the UK f or producing ultr aclean environments for the operat ing room.  

Two sys tems are considered . These are the plas tic f ilm isolator which is used 

to pro tect surgi cal wounds from envir onment al cont amin ation and unidi rect ional 

flow sys tems , with or without special clothing . The plas tic is ola tor system is 

brie fly described . Mos t of the remainder of the paper dis cusses the effect o f  

dif ferent unidi rectional flow systems an d  operat ing room clothing on reducing 

airborne con tamination . The main effe ct s  are summar ized in Figure 7 .  These 

data were gather ed by us at two different times . The data on the effect of 

clothing in the downflow system were co llected some t ime af ter the comparison 

of downflow wi th crossf low so that the data do not quite inte rmesh , and ave rages 

have been taken . 

Other subj ects cons idered are : 

1 .  velocity requirements ; 0 . 35 m/s {70  f t /min) being suggested ;  

2 .  the use of partial walls for  theaters with communication or 

acces s  problems ; 

3 .  les s  eff icient f ilters than at present (90 per cent efficiency 

against 0 . 3 � to 0 . 5 p  part icles) ; 

4 .  noise s tandards ; 
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5 .  the non- influence of thermals ; 

6 .  obs tructions ; and 

7 .  comparative sep sis f igures , the lack o f  which should be 

over come by a multicent ered tria l  to  be mounted in the UK. 

I 
C O N V E N T I O NA L  OPERAT I N G  I R OOM S  I 

U N I D I RE C T I ONAL O P E RAT I N G  
R O O M S  ( Velocity 0·35 111/s ) 

8 - 10 p e r s o n s  
conventional c loth i ng 

4 00 - 5 00 /•3 

I �s F Low l � conven t i onal clothing 

T 3 4 / •1 

�' -----.. �W N F LOW I 
conventional dothing a l2 

8 / m1 

di sposable clothing 
2.5/ •1 

greater than 650 times reduction 

Fig . 7 .  Vector diagram of the inf luence of un idirectional 
sys tem and clothing on airborne contaminat ion . 

____ ,..,....._,.._._,.,.. - _ _:_-:- -

TOTAL 
BO DY 
EXHAUST 
0.63/m1 
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Operating Room Air as a Source of Wound 
Con taminat ion and Infection Ru th B .  Kundsin 

COFFEE 

Moderator - John c . Wilson , J r .  

Operating Ro om  Bacter iology 
carriers versus Shedders 
Skin Carriage 
Sampling and Significance 
Physics of Operating Room Air Bacteria 
Types of Operating Room Air Bacteria John A. Ulrich 

Human Bacterial Shedding Dick Riemensnider 

Current Operat ing Room Air Handling 
Standards Kenneth L. Credle 

Standard Techniques to Reduce Operating 
Room Bacteria Howard P .  Hogshead 

Mode rator - Jo Miller 

Ultraclean Environments -
The Brit ish Pos it ion William Whyt e  

The Case for Clean Air--Results o f  Three 
Years of Airborne Monitoring John A. Feagin , Jr . 
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Contamination William E .  Anspach , Jr. 
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Local Control of Airborne Bacteria 

Localized Surgical Isolators (S terile 
Environment Capsule) 

Moderator - William A. Altemeier 

A Cont rolled Comparison o f  Air and Wound 
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J. C . N .  Wes twood  

Dana M .  Street 

Laminar Flow Operating Theatres George Bentley 

Evaluation of Methods for the Control of 
Surgical Sepsis Owen M. Lidwell 

What is the Hard Evidence on the Role of 
Airborne Bacteria in Wound Infection? Harold Laufman 

Defining Biologic Clean Air and Its 
Clinical Signif icance William C. Beck 

Summary of Proceedings of the International 
Symposium on Contamination Control : Micro-
b io logical Aspects of Clean Room Technology 
as Applied to Surgery--with Special Reference 
to Unidirectional Ai rf low Sys tems Michael D. Wardle 

Two Considerations in the Applicat ion of 
Laminar Clean Air Edward 0 .  Goodr ich , Jr . 

Experiences with Ult raviolet Light in 
the Operating Room 
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Group discussions of the morning ' s  session 

Moderato r - Kenneth L. Credle 

Plenary Sess ion 

ADJOURN 
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Sunday , November 10 Lecture Room 

9 : 00 am 

9 : 30 am 
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10 : 15 am 

10 : 45 am 

11 : 15 am 
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Report of the Moderato r  of Plenary 
Session on Bas ic Data 

Discussion 

COFFEE 

John A.  Ulrich 
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Practical Appl ication Kenneth L .  Credle 
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Summary ,  Conclusions , and Recommendations George T. Aitken 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


337  
APPENDIX B 

PARTICIPANTS 

WORKSHOP ON CONTROL OF OPERATING ROOM AIRBORNE BACTERIA 

COMMITTEE ON PROSTHETICS RESEARCH AND DEVELOPMENT 
COloMITTEE ON PROSTHETIC-ORTHOTIC EDUCATION 

ASSEMBLY OF LIFE SCIENCES--DIVIS ION OF MEDICAL SCIENCES 
NATIONAL ACADEMY OF S CIENCES--NATIONAL RESEARCH COUNCIL 

ORTHOPAEDIC SURGEONS 

Geo rge T. Aitken , M . D . , Chairman 
260 Jef ferson Avenue , S . E .  
Gr and Rapids , Michigan 49502 
Pas t Chairman - Commit tee on Pr os the tics Research and Development ( CPRD) 
Pas t President - American Academy of Orthopaedi c Surgeons (AAOS ) 

Harlan C.  Ams tut z , M . D .  
Univers ity o f  Cal ifornia Medical Center 
Los Angeles , California 90024 
Professor and Chief , Divis ion of Orthopae dic Surgery - UCLA 
Member of AAOS Committee on Operating Room Environment & Surgical Asepsis 

William E .  Anspach , Jr . , M. D. 
648 Nor th U . S .  One 
North Palm Beach , Florida 33408 
Member of AAOS Commit tee on Operating Room Environment & Surgical Asepsis 

Geo rge Bentley , F . R. c . s .  
University of Oxfo rd 
Nuffield Orthopaedic Centre 
Headington , Oxford OX3 7LD , Eng land 
Asso ciate Professor 

Mark B .  Covent ry , M . D .  
Mayo Clinic 
200 Fi rst  St reet , s . w . 
Roche s ter,  Minnesota 55 901 
Professor of Orthopaedic Surgery - Mayo Medical School 
Member of AAOS Committee on Operating Room Environment & Surgical Asep s is 

Lt . Col.  John A. Feagin , Jr. , M. D .  
Let terman Anny Medic al Center 
Presidio of San Fr ancisco , Cali fornia 94129 
Assistant Chief , Orthopaedic Service 
Director , Jo int Replacemen t Service 

Robert H.  Fitzgerald ,  Jr. , M. D.  
Mayo Clini c 
200 First S treet , s . w.  
Rochester , Minnesota 55901 
Inst ructor in Orthopaedics - Mayo Medical Schoo l  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I n f o r m a l  P a p e r s  o f  a  W o r k s h o p  o n  C o n t r o l  o f  O p e r a t i n g  R o o m  A i r b o r n e  B a c t e r i a ,  N o v e m b e r  8 - 1 0 ,  1 9 7 4 ,  W a s h i n g t o n
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 0 1

http://www.nap.edu/catalog.php?record_id=18601


J .  Leonard Goldne r ,  M . D .  
Duke University Medical Center 
Durham , North Carolina 27710 

338 

Professor and Chairman , Division of Orthopaedic Surgery - Duke University 
Medical Center 

Howard P .  Hogshead , M. D .  
3 3 3  East Ashley Street 
Jacksonville , Plorida 32202 
Director of Rehabilitation - Cathedral Heal th and Rehabilitation Center 
Member of AAOS Commit tee on Operating Booa Environment & Surgical Aseps is 

J. Drennan Lowel l ,  M. D . 
Peter Bent Br igham Hosp ital 
721 Huntington Avenue 
Boston , Massachusetts  02115 
Director , Or thopaedic Clinical Services � Peter Bent Brigham Ba.pital 
Assistant Professor of Orthopaedic Surgery - Harvard Medical School 

Jo Mille r ,  M . D . , r . a. c . s . ,  r . A. c . s .  
MOntreal General Hospital 
1650 Cedar Avenue , Rooa 646 
Mon treal 109 , Quebec , Canada 
Orthopaedi c Surgeon-in-Chief , Montreal General Hospital 
Member of AAOS Committee on Operating Boom Environment & Surgical Aseps is 
Associate Professor of Surgery , McGill University 

Carl L. Nelson , M. D .  
University o f  Arkansas Medical Center 
Uttle Rock ,  Arkansas 72201 
Professor and Chairman , Department of Or thopaedic Surgery - University 

of Arkans as Medical Center 
Member of AAOS Commi ttee on Ope rating Room Environment & Surgical Asepsis 

J .  Phi llip Nelson , M. D .  
Orthopaedi c Associates , P . C. 
1 7 0 7  East 18th Avenue 
Denver , Colorado 802 18 
Ins tructor , Department of Orthopaedics - University of Colorado 
Active Staff - St . Luke ' s  Hosp ital 
Chairman of AAOS Committee on Operating Room Environment & Surgical 

Asepsis 

Merrill A. Rit ter , M. D.  
1815 North Capitol Avenue 
Indianapolis , Indiana 46202 
As sociate Profess or of Orthopaedic Surgery - Indiana Univers ity School 

of Medicine 

Dana M. Street , M. D .  
Harbor General Hospit al 
1000 Wes t Carson Street 
Torrance , Calif ornia 90509 
Professor and Chief , Division of Orthopaedic Surgery - Harbor General 

Hospital 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


Robert S .  Turner , M. D .  
Lovelace Clinic 
5 2 00 Gibson Boulevard , S . E . 
Albuquerque , New Mexico 87 108 

339 

Chairman , Department of Or thopaed i c  Surgery - Lovelace Bataan Medi cal 
Center 

A. M. Wiley , M. Ch . , F . R. C . S .  
2 5  Leonard Avenue 
Suite 101 
Toronto , Ont ario MST 2 R2 , Canada 
As s is tant Professor of  Surgery - University of  To ronto 

John C.  Wilson , Jr . ,  M . D . 
2010 Wilshire Boulevard #.803 
Los Angeles , California 90057  
President - AAOS 

Phil ip D .  Wilson , Jr . ,  M .D . 
Hospi tal for Spe cial Surgery 
535  Eas t 70th Str eet 
New York , New York 10021 
Surgeon-in-Chief - Hospi tal for Special Surgery 
Pro fes sor of Orthopaedic Surgery - Cornell University Medical College 
Pas t  Pres ident - AAOS 

GENERAL SURGEONS 

William A. Altemeier , M . D .  
Cincinnat i Gene ral Hospital 
Cincinnati , Ohio 45229 
Chairman , Department of  Surgery - Cincinnat i General Hospi tal 
Professor of Surgery - University of Cincinnat i Medi cal College 

William C. Beck , M . D . , F . A. C . S .  
Donald Guthrie Foundation for Medical Resear ch 
Guthrie Square 
Say re , Pennsylvani a  18840 
Chairman , Commi t tee on Ope rating Room Environment - Amer ican College of 

Surgeons 

John F. Burke , M . D .  
Massachuset ts General Hospital 
Bos ton , Mas sachuse tts 02114 
Chief of  Staff - Shr iners Burns Ins titute 
Vis it ing Surgeon - Massachuset ts General Hosp ital 
Asso ciate Professor of  Surgery - Harvard Medical S chool 

Richard E .  Clark,  M. D .  
4960 Audubon Avenue 
St . Louis , Missouri 63110 
Cardiothoraci c Surgeon - Barnes Gener al Hosp ital 
Associ ate Professor of Surgery - Washington Univers i ty School of  Medi cine 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


-- --�-------------

Peter Dineen , M. D .  
New York Hospital 
Cornell Medi cal Center 
525 Eas t 68th Street 
New York ,  New York 10021 

340 

Professor of Surgery - Cornell Medical Center 

Edward o. Goodrich , Jr . ,  M. D . , F . A. c . s . 
Coronado Building 
Santa Fe , New Mexi co 87 501 
Chai rman , Subco111Dit tee on Air Environment of the Commit tee on Operating 

Room Environment - American College of Surgeons 

Col . Gerald Klebanoff ,  M. D .  
Headquar ters USAF /SGPC 
Washington , D . C .  20314 
Consultan t in Surgery 

Harold Laufman , M . D . , Ph. D.  
Montef iore Hospital and Medical Center 
il l Eas t 210th Street 
Bronx , New York 104 6 7  
Director , Ins titute o f  Sur gical Studies 
Pas t Chairman , Committee on Operating Room Environment - American College 

o f  Surgeons 

MICROBIOLOGISTS 

Lewis L. Coriell , M . D . , Ph . D . 
Ins titute for Medical Resear ch 
Copewood St reet 
camden , New Jersey 08103 
Director - Ins titute for Medical Research 
Bacteriologis t 

Ruth B .  Kundsin ,  Sc . D. 
Pete r Bent Brigham Hospital 
721 Hun tington Avenue 
Bos ton , Massachusetts 02115 
Hospital Ep idemiologist - Peter Bent Brigham Hosp ital 
Director ,  Surgical Bacteriology Laboratory - Environment al Sepsis Labora

tory - Peter Bent Brigham Hospital 
Principal Resear ch Associate - Harvard Medical Schoo l 

Di ck K. Riemensnider 
Bureau of Health Resour ces Administration 
Divis ion of Facilit ies Utilization , Room 12 33 
5600 Fishers Lane 
Rockville , Maryland 2 0852 
Environmental Mi crobiologist , Bureau of Heal th Resources Administration -

Depar tment of Health ,  Education , and Welfare 

Copyright © National Academy of Sciences. All r ights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


341 

John A. Ulrich , M. D .  
Univers ity of New Mexico Medical S chool 
915 S t anford 
Albuquerque , New Mexico 87131 
Chief , Microb iology Service 

Michael D. Wardle , M. S .  
Jet Propulsion Laboratory 
California Ins t itute of Te chnology 
4 800 Oak Grove Dr ive 
Pasadena ,  California 91103 
Senior Microbiologis t 

J . C . N .  Westwood ,  M. B . , B . Chir . 
University o f  Ot tawa 
2 75 Nicholas St reet 
O t t awa , Ontario KlN 6N5 , Canada 
Professor and Head , Depar tment of Mi crob iology and Immunology - Faculty 

of Medicine - Univers ity of Ot tawa 

William Whyte , M. D .  
Buil ding Services Resear ch Unit 
Department of Me chanical Engineering 
Univers ity of  Glasgow 
3 Lilybank Gardens 
G�asgow Gl2 8RZ , S cotland 
Bacter iologis t 

ENGINEERS 

Kenneth L. Credle , P . E .  
14317 Woodcres t Drive 
Rockville , Maryland 2085 3  
General Engineer , Publi c Ass is tance Div is ion - Federal Disas ter  Assistan ce 

Administration , Depar tment of  Housing and Urban Development 
Consul tant to Ameri can Hosp ital Association 

Owen M. Lidwell ,  Ph . D . 
Central Public Heal th Labor atory 
Colindale Avenue 
London NW9 5HT , England 
Extern al Scient ific  St af f  - Medical Research Council 
Deputy Di rector - Cross Infe ction Reference Laboratory 

George F. Mallis on 
Bureau of Epidemiolo gy 
Center f or Disease Control 
Atlan ta ,  Georgia 3033 3 
Assis tant Director , Bacter ial Diseases Division - Cente r for Disease 

Control 

Copyr ight  © Nat iona l  Academy of  Sc iences.  A l l  r ights  reserved.

In formal  Papers  o f  a  Workshop on Contro l  o f  Operat ing Room Ai rborne Bacter ia ,  November  8-10,  1974,  Washington
ht tp : / /www.nap.edu/cata log.php?record_ id=18601

http://www.nap.edu/catalog.php?record_id=18601


R. Claude Marsh 
Envirco , Inc.  
Subsidiary of  Bio-dynamics 
6701 Jefferson , N . E .  
P .  0 .  Box 6468 
Albuquerque , New Mexico 87107 
Health Physicis t  

342 

Director of Research and Development - Envirco ,  Inc . 

Norman Petersen , S . M.  
Phoeni�: Laboratories 
Center for Disease Control 
4402 North 7 th Street 
Phoenix , Arizona 85014 
Sanitary Engineer Dire ctor - Phoenix Laboratories 

J. Clyde Sell , P . E .  
Of fice o f  Architecture and Engineering 
Bureau of Health Resources Development 
Division of Facilities Utilization 
Department of Health , Education, and Welfare 
Rockville , Maryland 20852 
Mechanical Engineer 

Willis J .  Whitfield ,  Ph . D. 
Sandia Laboratories 
Albuquerque , New Mexico 87 115 
Division Supervisor , Biosystems Research Department - Sandia Laboratories 

Walter E .  Williams 
Baltimore City Hospital 
4940 Eas tern Avenue 
Baltimore , Maryland 21224 
Hospit al Engineer 
Director of Hospital Services - Baltimore City Hospital 

OTHERS 

E.  E .  Harr is ,  M . R. c . s .  
Commit tee on Pros theti cs Research and Development 
National Academy of  Sciences-National Research Council 
2 101 Cons titution Avenue , N. W. 
Washington ,  D . C .  20418 
Staff Surgeon - CPRD 

Charles V .  Heck , M. D .  
Execut ive Director 
Amer ican Academy of Orthopaedic Surgeons 
430 N.  Michigan Avenue 
Chicago , Illinois 60611 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


34 3 

Eugene F .  MUrphy , Ph. D .  
Dire ctor,  Research Center for Prosthetics 
Ve terans Administration 
252 Seventh Avenue 
New York,  New York 10001 

A. Bennet t  Wilson , Jr . 
Executive Directo r  
Commit tee on Pros thetics Research an d  Development 
National Academy of Sciences-National Resear ch Council 
2 101 Cons titution Avenue , N . W. 
Washington , D . C .  20418 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


--· --·----------------

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


L 
C0!1HITI'EE ON P ROSTHETI CS RESEARCH &'0 DEV!:LOPHENT 

ASSEMBLY Of LIFE S CIEliCES-NAT imlA L Rf.Sr:AI:C:t COL'X CIL 

FRANK W .  CLIPP INGEr. , J R . , M . D .  
Acting cr.ail'matt 
Profes �or of Or t hop aed ic SurgP.ry 
Duke Vnivers ity �ledi cal Cen ter 

Dt."DLEY S .  CHI LDRESS , Ph . D .  
Di re c t o r  
Pros the t i c s  Re s e ar ch Labor a t o ry 
Northwes tern Un ive rs i ty �led ical S chool 

MARY DORS CH , C . P . O. 
Pr e s id en t  
Dors ch-Un i ted Pr os thet ics-Or thot i c s , In c .  

ROBERT E .  F�� IN ,  C . O .  
Hange r ·Go ldsby , Mob i le , Ale. 

SIDNEY FIS�! ,  Ph . D . 
Coor d inator , Pr o s t he t i c s  and Or t hot i cs 
New York Un ive rs i t y  Pos t-Gr adu at e 

Med i cal S choo l 

V ICTOR 11 . FRANKEL , M . D .  
Prof e s s o r , Or t hopaedic Sur gery and 

Biomed ical En g ineer ing 
Case We s t e rn Re serve University 

RICHARD M .  HE R.'lAN ,  M . D .  
Dire c t o r  o f  Research 
Krusen Cen t e r  for Re search and En gineering 
Moss Reha b i li t a t ion Hospital 

RICHARD E.  HOOVER ,  }!. D .  
Department o f  Oph tha lmol ogy 
The Johns Hopkins Unive r s i ty 

LEON �: . KRUGER , M . D .  
Departme n t  o f  Or thopedics 
We s s on Hemo r i a l  Hosp i t al ,  S pr ing f iel d ,  Mass . 

JAHES M. �!ORRIS , U. D .  
Acso c i a t e  Profes sor of Or thopae d i c  Surge r y  
l�iv� rs i ty of ca l i f o rn i a  Medical Cen ter. 

at S an Fr an c i s co 

CO�IMITTEE ON P ROS TIIET I C-ORTHOT I C  EDUCATION 
AS S EMB IX OF LIFE SC IENCES -NATIONAL RESEft�CH COUNCIL 

HERBERT E. P�DERSEN , M . D . , Chairman 
Pro f e ssor a� d Ch a i rman 
llP.?aT. t J•�n t of O r thopc d j  c <; ur g e ry  
Wayr.e State Univ<;!r s i ty S c ho o l  of Hed i .: ir:e 

HARLAN C .  Af>tSTUTZ , M . D .  
Pro fes&or �n J Cha 1 rm�� 
Div i s i on c f  Or t hopaed i c  Surgery 
Univ<'rs i t y  of Cal i f or n i a  S c h oc. l :Jf  

Hed i c in� at Los An ge le s 

FRAme W .  CLIPPINGER , J R . , M . D .  
Pro f e s s o r  o f  Ort hopaed i c  S ur gery 
Duke Un ive r s i t y  Med ical School 

CLI�TON L. Cct1PERE , M . D .  
Direc to r ,  Rehab i l i. t a t  ion En gin e e r in g  

Pr ogr am 
Nort hwes t e rn Un iv e rs i ty Me d i c a l  S�h ool 

OOROTIIY J .  HICKS 
D�. r e c t o r  
Rehab i l i t a t ion Nur s ing F r o g r am 
Un ive :"S i ty cf Was h in g t o<1 S c h o o l  o f  Nur s ing 

OOUG IAS A .  HOBSON , P. Eng .  
Tech!l ical Di re �tor 
Rehab i l i t a t ion Engin� e : i n g  Progr am 
Cr ippled Ch i l d r en ' s  Hosp i t al S chool 
Hemj)hi s ,  Tenn . 

BELLA ,1 . �!AY , Ed . D .  
As s oc i a t e  Pr o f e s sor an d  Cha irman 
D··par t mcn t of Physical Ther<>py 
Scl .oc.l of All ied He a l t h  Prof e s s i c;,ns 
Me d i c a l  Co l lege o f  Georgia 

J .  WAlti:l:N PERRY ,  Ph . D . 
De an , !k hool of Heal th Related P ro f e s s i ons 
S ta t e  Univer s i :y of New York a t  Bu f f a lo 

JAC((UELH: rERr.Y , H .  D .  
Chie f , Re s e a rch an d  Deve lopmen t Group 
Kin esiol ogy Se rv ice 
Ran cho Lcs A�igo s  Hosp i t a l , In c .  

ALlEN S .  RL' SSEK, H . D .  
Director , Amput ee-Pros the t i c  Serv ice 
�ew Yor k Unive rs i ty ��d ical Cen ter 

AUGUSTO S ARMI ENTO , M . D .  
Pro f e s s or an d  Chairman 
Depar tmen t of Or t hopaed i c s  and Rehabi li t at ion 
Uni ve r s i t y  of Miami Schoo l of Med i c in e  

ROY SNELSON , C . P . O . , Proj e c t  Dire ct o r  
.\mput ee an d  Prob lem Fr acture Se rvice 
Rancho Lo s Amigos Hosp i t a l , In c .  

WALTER A .  L .  TIIOMPSON , M . D .  
Pro f e s s or and Cha irman 
Depar t men t of Or thopedic Surgery 
New York Unive rsity School o f  Me d i c in e  

STAFF : A .  Ber.ne t t  l{i l s on , Jr . ,  E:co3c..'Utive Di1'ecto1' 
He c tor w.  i(ay , A;;sic ta;; t ::::::e::-v�ti;;a DiN:ctor 
E. E. H arr l s , S r;,•ff S•iJ'geon 
Gus t av F. Haas , Sr;cff Et;g ineel' 
Pe t e r  J .  tl� l�'on , S:;aj'f F.11gh;ar;z• 
Uichael J .  Qu i gley , Staff Pr,,s the t,is t/Orthotis t  
G .  E .  Sharv l e s , Staff Officer 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601


• 

Copyright © National Academy of Sciences. All rights reserved.

Informal Papers of a Workshop on Control of Operating Room Airborne Bacteria, November 8-10, 1974, Washington
http://www.nap.edu/catalog.php?record_id=18601

http://www.nap.edu/catalog.php?record_id=18601

	Front Matter
	INTRODUCTION
	SUMMARY OF WORKSHOP OBJECTIVES AND CONCLUSIONS
	RECOMMENDATIONS FOR FURTHER RESEARCH
	SPECIAL RECOMMENDATION
	PREPARED PAPERS

