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It has never been shown ihat wearing surgical face masks decreases
postaperative wound infections. (n the contrary, a 3 decrease has
been reported after omitting face musks. The present study was desipned
to reveal any % or prester difference in seneral surgery waund
Infection rates by using face masks ur nat,

Durimg 115 weeks, a totadl of 3,088 patients were included in the study.
Weeks were denoled as *masked " or Uuwnmasked” according tooa
randnm list. After 1,537 nperations performed with face masks. 73 (4,75
wound infections were recorded and, after 1,55] aperations performed
without face masks. 35 (3.3% 1 infectinns securred, This difference was
mot statistically significant ip - (Lik5 and the hacterial spaecies cultured
from the wound infections did not differ in amy way, which waould have
supparted the Lot that the numerical difference was o stulistically
Cimissed”” dilference.

Phese results indicate that the use of Face masks might he reconsidered,
Masks may be wied to protect the operating team from drops of infected
hlood and from sirburne infections. but have not been proven to protect
the patient aperated by a healthy operating team,

In 1897, Mikulicz, professor o stirgery 10 Breslor, was the firsg
e mention the use of o face mask (1. One vearr liter, his
assistunt Hubener published Audy showing that weanng o
Face mask dimimished dropler spread from the mourh of & tes
person (210 After thas, many studies | ST hase been published
comparinge dilferent surgicad face masks and how 1 wear them
The history of the use of fuce masks as told by Rockwood und
CF Donoghie (8] 15 impressive and thes speak i fver of the uae
O Lace masks in the operanng room. 11 bus nevier heen shurwn,
huweser, that Weanng Liwe masks causes lewer pusluperdive
wonnd infections unless worn o protect from o sore throat [9),

Letts wnd Docrmer [ 0] showed that w caring s complete hood
Uverlapping the face mask, with no eaps ar the sides or bottam
if the musk, diminished the Fall our ol mrcrospheres wpplicd
imder the mask and i the noserls. Banter g wssiciales [11]
ound o Yl ancreise i counts of arboene hacteriy whin §
FErsons enterad an cmpiy opoeraling foasin, bt there was no
difference m cegard 0 whether masks el worn or not
swemy that any Jilference i bucternl Fadl-oul Berween o misked

1 an unimasked person drosors n e Flloou Fromm the rest of

the body .

Supparted by et Nom the Stk bl o vty 4 snel
Noeprear regaesty Th Cioran Fuaes ) Mol
Foamatlmasho Istilsated. Dhomdernd Homgmt el 5-1a2

FREbc ol ool “euag iy

v, Mwgiden

Later, O [12] reported a 507 decrease of wound infections
alter ominting face masks; however, this report was nob based
e conrenlled siudy Chamberlain and Houvang [13] made a
controdled study duning gy necological vperations to test the
results reported by Orr, Their stady was discontimued after 3
mfections 1n the unmasked group. rthough they found no
correlation between bactera found m the infected wounds and
those solated from the staff

In a study of infection rates after suture of luceration wounds
moan emergency depariment. Buthman and colleapues [14]
found no difference in regurd o whether cap and mask were
used or not.

The reduction ol postoperative wound infections reporied by
Urr could be expluned by the findings of Letts and Doermer,
The by pothesis might be that a fce mask, by fmction, releases
skin scales carrving bacterii, most often stuphyvlococe, from
the faces of the surgical team: This friction would he avaided by
vrithing the mask. Instewd of being contammated by puthogenic
shin stuphylococen, the wound would be contaminated by n
nereised number of dlpha-streptococes, not known 1o Calse
wound infections i general surgery 115, 6] 10 must, however,
be remembered 1hat dlphi-streplococet are Tound in wound
nbvictions alter surgery with implantation of prosthetic desvices
as desertbed byl eop . Fitzgerald and Woashington [17],

Clers report o a 5007 decrease mowound infection rites alter
omithng Lace musks i spectacular. The present sty wiis
designed a reveal any 307 or ereater difference in i
ilectien rates using e masks or not, This lower percentage
Wi sely sinee it oseemed @ more realistic figure and soll of
climival importance, Any difference less than K7 would he
impussibile 1o venify from the number of nperitions perfirrmed
Parvnd 2OKRE vear) duringe o 2oy eur tes perod in pur hosptal

Ir wider 2o test the: by pathesty thit Fioe ks sigmificanly
mcriise the bactermal (all-oun o the surgicul wound, the
Picterid woltures frim the wound infectiony wepe civmpared. I
i Lrce mask sigmiticam!y icreased the Fall-out of bacteri inte
the wotind, o should icrease the number of infections Ciused
Py hawteria normally found on the skin X

Material aond Sethods

At the srgical departawent vl Dandersd TLivsmtal, Stowk baalm
Sweden, postiperutive wound infections have heen repisiered
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continuously since 1981, The hospital serves a region with
about 260,80 inhabitants, Remstration has included around
P of dll patients and around W7 of all infections, shown by
an independent controller. during several test periods, All
general surgery patients operated on through intact skin. anal
procedures excluded. and sutured by pamary intention were
registered. Chutpatient, orthopedsc, or urologic operations were
not included.

Preoperatively. all “elective’” patients had 2 or 3 whole-hady
wishes with a detergent containing 47 chlorhexidine 1 Hibi-
serub. 1T, Most of the “acute™ patients had at least one wash.
Depilation. when needed, was performed with a depilatory
cream. The aren around the incision site was disinfected with
chlorhexidine in alcohol just prior to the operation. Three
different face masks were in use during the time of the study
IComiort Clinimask. Molnlveke: Surgine 11 Antifogmsk, Sur-
gikos: and Aseptex. 3IM.an order of numbers used)

Registration Method

A Plug registration form followed the patient from the day of
wimisston 1o the wand durine his sty in the hospital. Diagnosis,
wperations, whether acute or elecnve. and the degree of con-
lamination were registered a5 well as postoperative wound
infections. o case of a wound infection. a second form tvellow)
wis immediately sent to the secretarat to make it possible 10
inlervene oF af beast search for o common source of infections
when there were several infections in a short perod of tlime,
I'he sellow form was also used o report infectons ey dent after
discharge from the ward. From every wound miechon i swab
Wy laken Tor bacterial colture. Copres of the results of these
bacterial cultures were collected separatelv at the laborutory of
clinicul bacteriology and, togerther with the blue and vellow
furms, they gave a tnple” control of the number of infections.

Durnng the study. the ordimary registration forms were sup-
plemented with the followine Gects about 1he study

I Patient informed in writeng and verbally about the study and
patient s consenl @ven—io benchided mothe study.

2 Panemt not informed or consent aof given, or not e luded
Pevause of increased nsk of infection (ssnthetic graft 1o be
tnserted or |'|1.‘f‘|'|.g||l||.lg||.' diseane —not 1o be meluded 1 the
~tiaidy

oMumber of persons, of any, weunne o fuce mask during an
‘unmasked” operanen, and the reason for this Tcommon
cold ar allergic rlaneisg,

4. 7 Muasked™ vperation performed,

S0 Unmusked™" operation performed

In order to confirm thiat the use of fuce musks oives a
decrease of WY n postoperative wound infection cate, e, W
tondaey s 300 imasked ! trom

.1

7200 tunmuosked), 30K patems
were needed i coch group. herefore, o wis decided o e lude
I leanst 3 AMMY paitienits an the ~tisdy

A mandom bsb was sel up for | svear, denoting weeks s
"musked™ or Cusmasked.” Too avoind seasonal hiferences
Between the grotps, the st was inversed for the second amd for
pant ub the thied year. To randomize weeks instead of duvs or
single operations was a way oesure oosamilae number of major
aed mmanor surgecy i the 2 groups smce clective magor surgery
vvomest olten performed ot the beamrng of the week
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After 113 weeks. 3 total of 3,088 patients had been included
gecording to the critena and the study was closed ( March, 1984
to May. |986). During 1,337 operations, face masks were worn
by everyenc in the operating room according to the *nocmal™
routine. Duning |.551 operations. masks were not worn, except
on 277 occasions when they were worn by | or 2 persons
because of 4 common cald or an alleceic rhinitis. There were no
conscrous changes in behavior duning operations (talk. laughter
eleh

During the 115 weeks. more than 250 Jdifferent persons ook
part iy the operations. Two surgeons: | nurse, | stall nurse, =3
students. and 2 anesthetists often take part in the team work,
meaning that about 8 persons are: present durng standard
operations. This great number of persons was thought 1o assure
a4 chillenge by most commuon bacteria found in the respiraton
tract in u healthy Swedish surgical stalf, Therefore, no cultures
were taken (o establish the bacteral carrier rates among the
personnel during the study, Antibiotics were used for praphy-
laxis during all colorectal vperations and miany other non-clean
vpcrations sccording to the guidelines of the clinic,

D fueririem

A postoperdteve wound infection was Jdefined as pus, visshle (o
the nitked eve, or cellulitis without pus, both requinng de
bridement or percutancous dranage and/or antibiotic theripy
Phis defimtion wis chosen to make it easy to determine what to
report s an infectwon—if measures hove 1o be taken it s o
climeul infecton.

iy

lhe study was approsed by the ethical commutiee of 1he
Earelindka Institute

Clinical Results

Inall, during the 115 weeks, o totad of 184 (4,65 ) postoperative
wound infections were recorded witer 3967 operutions, O
these inatections, 3t belonged o the croup of 879 opentions
R ETY = A4 T non included inthe study because of increasol
rsk ol infection in = 199, lack of puhient consent in = X430, 0r
lack of information ta the patient because of semhty or acite
stites i - 43T

M the remainime 3088 operations, o total of H99 were aule
and 20389 were elechive. A Turther subdivisian mto |8 by pes o
vperalens was performed (Table 1) without revealing any
significant differences between the “masked” and “unmasked
groups. The average age in the groups was similars for avule
operalions, 38 veary in both groups, and for elective operations
M ovears m o rthe Tmasked” and 3T vears o the Cunmaskod
graup. In Lable 2 the numbers of infecuons per number o
vperalions areé piven lor acwbe. elective clean, and eleclls<
mutclean oprerations. As can be seen, noostatisteally saepibe.an
dilferences i wound infecton rites were regched 1p -
compirmg Cmasked” and Cunmasked” operativns, o e

Tmasked group, the infection e wis 479 (3755
contidence limits) s compared 1o 3300 (264 570 ) o the
“unmusked ' group. Durmg 277 Canmasked ™ peralions | B

|

oF sl inmasked Ui when 1-2 persons wore e nisks
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T_able 1. No. of operations® with and without face masks. Operations
divided into 18 groups with acute and elective operations separated.

With face masks Without face masks

Acute Flacrtiva e b

Appendectomies

Cholecystectomies

Mammary‘axillary
operations

Intestinal 12(1) 1499 (14) 4) 132 (8)
resections

Exploratory 31 Q) 49¢h 304 512
laparotomies
(no resection)

Thyroid/parathyroid 58 (0) 61 (0
operations

Other hernias 6(0) 454 KN(1}} 43(3)

Esophageal gastric ANK)] 53435 7 45 (4)
operations

Enterostomies 4(1) 543 4(0) 37(3)

Other clean - 36 0y - 28h
operations

Varicose veins 26 (0) 28 (0)

Pancreatic bile 2348 1913)
ducts

Splenectomies - 9 1(0) 11 (0)

Other non-clean 30 710 3 6 (0
operations

Vascular (nongraft 30 5 3 6(0)
operations)

Laparoscopies 30 610)

Testicular m 20
hydrocele
Total 350 21 1187 (32) 349419y 1.202 (36)

All operations 1.537.473) 1.551 {5%)

“Nos. 1n parentheses are nos. of infections.

Table 2. No. of infections (Inf) and no. of operations (Op) in relation
'0 acute und elective clean and non-clean operations.

Without face

With face mask  mask
Inf {ip : Inf g . |
Loule epeiations 2 PR oM |y Y oS4 NS
Elective ¢le Nenilions 1] LI, S (O 8 4 o | N (s O N
Elective non-clean vperation. 4| ST I N %9 WK
Total TX. 1337 T 155 385 Ny

Statistivs gocording o 2
NS0 ono semeicint
Inf infections LIp: upertions

cause of a common culd or an allergic rhinitis, only 4 infections
vccurred. During the remaining 1,274 ““unmasked™’ operations,
no one in the operating team. including the anesthetic team,
“ore a face mask (5-8 persons). In addition. 1-3 students
fullowed the routine.

The 879 operations not included in the study according to the
criteria had an infection rate of 6,467 compared to 4.1% tor
those included in the study (p <2 0.01). This reflects the higher
age and more acute states among those not included. In the
“not informed”” group. senility and the administration of anal-

385

Table 3. Bacterial findings in cultures from wound infections after
“‘masked”” and ‘‘unmasked" operations. Cultures which revealed a
single bacterial species are presented separate from the mixed
infections.

Without face

With face mask mask
73/1.537 §5/1.551
Infections/operations Sinocle Mivad S -
e s 9 6
Staphylococcus 3 3
epidermidis
Pyogenic Group A
streptococcus
Pyogenic non-Group A 4 6
streptococcus
Streptococcus viridans 8 - 3
Escherichia coli 2 4 12
Other aerobic gram 22 | 16
negatives
Bacteroides fragilis 2 17 4 it
Bacteroides species - h) - 3
Anaerobic gram positive - 4 1 !
cocci
Clostridium perfringens
Group A
Pseudomonas aeruginosa 1
Candida albicans -
Anaerobic gram positive ~-
rods
Facultative anaerobic
gram positive str.
Haemophilus
parainfluenza
Propionibacterium -
Bacillus subtilis 1
Pneumococci |
No growth 3
No culture 7

gesICs in acute conditions were the most common reasons for
not being included.

Bacteriological Resuits

The results of cultures from the 128 wound infections are
presented in Table 3. Infections after “‘masked” and “un-
masked' operations are presented separately and mixed infec-
tions have been separated from those where a single bacterial
strain was found. In order to make Table 3 easier to read, some
bacterial species have presented as groups, e.g.. Proteus and
Klebsiella and other gram negatives are presented as “‘other
aerobic gram negative.”” There were 6 cultures without growth
and 10 infections where no cultures were taken. That leaves 112
cultures for evaluation. Staphylococci were found in 21 cultures
after operations without face masks and in 29 cultures after
operations with face masks. After correction for the difference
in missed cultures, this gives stuphylococcal infection rates of
1.5%% und 2.2¢%, respectively. This means that 43% of the
cultures from infections after operations without face masks
reveiled staphylococcei, as compared to 46% after operations
with face masks. This difference iy clearly not signiticant (p -
0.05).

Beta-hemolytic streptococci Group A were found in 2 cul-
tures. hoth after masked operations, while 1 infection with




pregmococc in a mixed culture was noted in the unmasked
group. No upper respiratory tract infections were noted during
these vperations. Alpha-streptococei were found in 3 mixed
cultures after unmasked operations and 1n B cultures after
masked operations.

Discussion

[n most hospitals. no one is allowed to even enter an operating
room without weanng a face mask. although the scientific
background to this routine is lacking. In studies of surgical face
masks, different designs and matenals and wavs of wearing the
face masks have been compared in regards to fall-out, but not in
regards o the effect on wound infection rates. In the uncon-
trofled report by Orr. he found a decrease of 309 in infection
rates after omitung the face masks, This ngure. of true. would
mean that. today. we pay for a negative effect. Since those
findings could be theoretically supported by the studies of Letts
and Doermer, it must be of theoretical as well as economical
interest to have this hvpothesis controlled.

Since Letts and Doermer found a difference in fall-oot of
particles from the face depending on whether o (ace mask was
carried onder or over the cap. it scems possible that abandoning
the Frce mask would avoud colony-forming units being set free
by Mncoon from the face mask against the skin. In that case.
there would be less mfections caused by bactena normally
found on the skin such as staphylococacr, This decrease should
be greater than a possible increase inonfections caused by
bactena pormidly found in the respiratory tract, according o
the report by Orr

A problem in studies of infection rates 1s that a reduction of
5% means a decrease from. eg.. 4537 0 4.3 in infection
rates. This means that there will be one infection less in 445
operations. In order to prove this in @ 2-vear study, 10 would be
necessary o involve most Swedish hospitals inoi multicenter
study, which 1s; of course, impossible to realiee. The decrease
of 3K: reported by Orr could. however, be controlled in an
ordinary study. It was calculated that Junng 2 vears, about
LK operations could be included in g study at Danderyd
Huspital and this would reveal any 3067 or greater Jifference by
using face masks or not,

In the present study, thers was no statistically significant
difference in wound infections alter operations with or without
fuce musks even if there was & numerncal difference in favor of
unmasked operations. Therefore. iy possible that o difference
wiould be significant with a larger number of patients. [n that
case, the pumencul difference in this study ought tobe reflected
in fewer infections with staphylvcoco after unmasked opera-
tions, but this was not shown

[t has nual been possible to demonstrate any advantages for
the patient when the surgical team wears face musks, There-
fure, the routineg use of Mee masks cught 1w be reconsidered.
Masks muy be used. however, o protect the operaling team
from drops of blood. which might be jnfected with hepatins B
virses or HIV. Masks might also be used to protect the stall
from airborne infections i patients. but hus not been proven 1o
protect the patient. This aspect s also vabid for the mcreasing
use of face masks i the wards and dunng deagoostic and
therapenfic procedures.

In another study [IR] we tested the etfect of face masks vn
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acutely ill and febrile patients with beta-hemolvtic streplococci
Group A in the throat. In those cases, there seemed to be a good
protective effect by the mask. as measured by the numbers of
bacteria spread by the patient while reading a book aloud. This
probably means that if a febrile surgeon with a sore throat has
1o take part 1nan operation. he should wear a lace mask. In the
present study. however, both infections with beta-hemolytic
streptococct Group A were found after masked operations!

All over the world the increasing cost for medical service 15 4
serious problem. Therefore. it is a responsibility for the profes.
siomil team to reevaluate old routines in a critical way, also in
order to suve money. The cost for face masks in Sweden i«
more thin SIR0KM LS, per million inhabitants per yvear. This
also includes the face masks used elsewhere. ¢.g.. in the wards
where masks are often unnecessanly worn during the perfor
miance of wound dressings. If ¥ masks on average are used
during | operation. the cost s more than 32 U.S. and a great
deal of this. maybe half. could be saved by reconsidering the
use of face masks,

Résume

[1'n’a jumais été démontrd que le port d une bavette chirurgicale
diminue le nombre des infections panétiles, Au contraire. on
meéme rapporté une dimimuation de 305 lorsgu’on ne les utilisal
pas. Cette dtude a ete elaborée pour deceler Uinlluence du porn
de L bavette dans fa réduction des taux Jdlinfections pariétales
chez 'operé en chirurgie géndrale de 309 au moins

Pendant |13 semames. 3088 patients onk éte inclis Jans celle
éude. Pendant une semaine. donnée. tirde au sort, les chiru
gleny mettaenl ol pe mettaient pas de havelte, Aprés 1,537
operations etfectudes uvec bavette, on o trouve 73 (4.770) aboes
de parol alors qu'uprés 1.551 interventions <ans bavette, il v o
e 5503870 infectuons. Cente Jitférénce nest pas statisfigui
ment sigmificative (p = 0,055 et [es cultures bacténennes G partin
de la plue opermtoire ne différment en qucune mameére ce Ju
renforgut la conclusion que cette absence de différence statis
tguement significative était reele.

Ces resultats indiguent gue Uutilisation de L bavette chinn
gicale pournut étre remise en guestion. La bavette joue un role
de protection de UVéguipe chirurgicale contre les infegtnoms
purtees par le sang ¢clubousse en salle ou contre les infectivns
acriennes. mais son etfet sur la protection du patient n'u pas cle
prouve lorsgue équipe chirurgicile elle-meéme est en bonie
sanile;

Hesumen

Mo ha sido demostrado gue el wso de L mdscara facial guiar
gici divminuya L thisa de nfechdan. postoperatoria: por el
comtrrio, dletnes autores han informid o una reduccon Jde 07
al omitir su uso. El presente estudio fue disefady con

propdsito de revelar una diferencia de 3078 o mids en s tasas 6€

infeceion de L herida en procedimientos de cirugin general -0
el uso vy sinel uso de Ta midscara guirdrgica
Enel curso de 115 semanas, VOB pacientes Tueron nglindes
en el estudiy. Las semanas fueron designudus como o™
masciara’ o s mascor,” o segan la bista de randomisacion 1‘"
1337 operpdiones. realizadias con midscara s regestrarn.
(EL

(4 750 inlecciones de herida v en 1351 aperisciones realid i

1
1k

s
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sin mdscara se informaron 55 (3.55%) infecciones. Esta diferen-
cia no es estadisticamente significativa (p > 0.05): las especies
de bacterias aisladas de las heridas no exhibieron diferencias
que puedieran hacer pensar que la diferencia nimerica en favor
de las operaciones sin mdscara tenga importancia.

Tales resultados indican que el uso de mascaras faciales
puede ser reconsiderado. Las mascaras pueden ser utilizadas
para proteger al personal quirirgico de gotas de sangre in-
fectada y de infecciones en el ambiente. pero no han demos-
trado que protejan al paciente que es operado por un equipo
quiridrgico sano.
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Wearing surecal face

Purulent infection in cleanly-made surgical wounds 15 infre-
quent i omest centers. I wound infection should develop, s
tstilly not a cuuse of death, however, i1 usually does imerease
murhidity, length oFf stay, amd cost of cure. Therelore, preven-
tiem ol surgical wound infection continues to be a major goal for
surgeons amd their hospatal <tfls. One of the most offective
strategies 1o this end o the development of an active wound
surveillanee progriem in which all surgical wounds are mspected
by a trned observer, the presence or absence of wonnd
imfection documented, and the information given W individual
surgeons und 1o chiels of service [2, 3] This approach feads o
und thit
reduce the mcidence of wound infecton, thereby indicatmg thit

changes m behivior by SUTECOns thesr associates
attention o the devls of penoperstive manasgement still makes
i ditference in patient outcome

1ty less clear which of the myrad detuls of penoperative
cure, both wld wnd new, have an important determining role in
the incidence of postoperative surgical wound infection, These
often rituabistic proctices add o the complesity and cost of
surgical cure, and might be well shandoned if shown o he
ietTective, Thus, Dr. Puneyill and his colleagues a1 the Karo-
fnskar Institute. Danderyd Hospital, in Stockholm evaluated the
elficucy of surgweal fice masks. Not only does the widespread
v ol Faee muasks il 1o the cost of medical care. but some
stuadies suggest That surgsecad e nusks might actually increase
the incidence of wound infection

Fhose prospectivesstady began: tne P tind swas desigened 1o
answer i strdghtforward guesiion: how does the use ol surgical
Fove muasks miluence the madence of posteperative wound
imtecthion” The sndomisation process addressed known com-
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