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Ori nal Contri

Multipatienr use of Prefi.lled Disposable oxygen
Humidifiers For Up to 30 Days:
Patienr Srf.ty and Cost Analysis

sandra D Golar RRT, LIj. sutherland RRT, and. GT Ford MD

BACKGROUND: prelilled disposablc or?gcn humidifìcotion units heve been shownto decrease the likelihood of cont-minadon when compared to reusable oxygen hu-midlticatioo units. Eowever, pretilled disposable humidiEers are expensive when usedfor sÍngle patientg especlally l-n areas of bigh turtrover, and it ls nit krorvn whctherthese unlts need to be rou,ttnely changed before tbey arc empty. tt 
" 

io--u"" or p".tlents safdy using e prefilted disposable humidrfer h"s not oi.', a"."."itea in pre.viously reported work- Are paticnls at risk of nosocomiat infectioos due to cross.confqmination rvhen pretilted disposable or(ygen humidiliers 
"r" 

uplrr.J to mutd-patient usc? what are tùe cost benefiùs of multiple padent 'se olprùiled dtspcseblc
oxygen humidifiers? when local prscttce or ptrysictan preferencJdictat* iu" *. othumidilicadon for row-frow oxygerr, ttrese quÀtions need to be answered. METEODS& MATERTaLS: Data nere coilected ovei two time periods to address changes dueto seasonal varietions and incrude area ofuse, nurnber of patients, and .quantttativccultures for aerobic microorganisms (tnclndrng zeg îonerla).b.* o.posati. humidifi.er rvas monitored for a period of 1 month or untit onty 1 inch ofiwater remained.
Costs of usíng reusoblc humldlfîers and prefìlleù hurnidiliers ana trerafisuiurse timcto lnitiate tùerapy rvith both units were companed. Durlng this period, io reusaure uu-midifiers were also cultured for aerobic microorgonlsml anaLgíou"lln nssrJl,Ts,'ft 

report results on 1i11 of the 1l3ls ttisposabÈ prelìtted o*ygl'humidlÀers usea.
Y.-r"l no signllicant growth in any of tbe prefitied aisposalÈ r".lJin"r. for pe.
{9!1 _o_r ue to 30 days, rvith > 100 burnidifiirs havrng blen used by > 20 patients
coNcLUsIoNS: our results show that prerìrled dispósabre orygen iumiditiers canbe used without cross-contaminatron, on multiple patients, for l-perioa oii -oott.The use of prelilled humiditiers ln this rvay repiesents a substantial cost saving whencompared to reusable humidilìers. (Rcspir Care 1993:3g:343_347.)
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. fntroduction

Although it has been suggested rhar bumidifi-
cation of low-flow oxygen (1-a Umin) may not be

necessary,l'4 the practice is a standard procedure in
our hospital, appears to be standard practice in Ca-
nadian hospitals, and persists in part because of ttre
extemely low relative humidity encouatered dur-
ing cold weather. A number of studicsr? from the
1960s and 70s suggest that aerosols from contam-
inated nebulizers are likely to spread infection but
that bubble humidifiers pose linle tbreaL However,
simple bubble hurnidifiers have been shown in a
bench study to produce microaerosols capable of
tansmitting contagionE and a more rccent report
has implicated such devices.e Wc sought to de-
termine the safery of prolonged multipatienl use of
prefilled humidifiers, to establish contamination
rates of prefilled and reusable humidifien, and to
compare costs of using the tìvo types of device.

lFhe authors arc associqted with Calgary Gcncral Hospital,
Elow Valley Centrc anct petcr Loughcà lenre. gdgnry.4t-
bena, Canada- îr rcportcd stuay was a joint effort of thc Res-
piratory Thèrapy and Infection Corltrol Dlparrmenrs.
This papcr rcports data also published in a papcr entirlcd .?o-
longcd aad Mutti-psricor Usi of pre-Fillcd biiposable Oxygcn
Humidificr Bottles: Are Thcy Safe and Ho* 
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Cosr?"Jlendcrson E, I-edgcrwood D, Humc K lGulicki W,
Ford GT.€olar SD. Suthcrland LLA. Louic TI, Infccrion Con-
trol and Hospitat Epidcmiology (in prcss).

Reprinr: Sandra Golar RRT, Calgary Gcneral Hospital, Bow
Valley Ccntre. 841 Cenue Ave É, èalgary, Albena, Canada
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Methods and Materials

Areas of the hospital selected to take part in the
study !'vere the Emergency Department, Recovery
Roorn, and four Medical Units (including a res-
piratory uni$. Excluded were patients in res-
piratory or acid-fast bacillus (AFB) isolation and
netrtropereic and imrnunocompromised patients.
Monitoring of the disposable humidifiers took
place over two periods of time: April through Au-
gust, 1990, and February through May, 1991. Re-
usable Ìrrrrnidifien were culturcd during Novenber
1 9 9 1 .

Prefilled f[utnidi fís15

A monitoring shect was attached to each humidi-
fier as it was placed in servicc. The dates rhat the
hurnidifi.e,r was opened and removed from service,
unit and bed numbeq and the number of patients
using tb.e humidifer were to be noted. Personnel on
nursing units were inforrned of the study, and in-
service training was provided for the nursing staff
on use of tJ:e monitoring sheet and tbe prefilled hu-
rnidifi.er (Aquapak, Hudson RCf, Temecula CA).
Each hurnidifier was kept in place for a maximum
of 30 days or until only I inch of water remained in
the hurnidifi.er. When the prcfiiled humidifier was
rernoved, both the flowrneter inlet and the humid-
ifier outlet were aseptically sealed with sterile
Eatuze a.nd tape and the humidifier was transported
to the rnícrobiology laboratory.

On tlee first Monday of each snrdy month, hu-
rnidifiers were connected to flowmeters and placed
with the monitoring sheets above thc patient beds.
A check was made midmonth, and any humidifien
with 1 inch of water or lcss remaining were taken
to the laboratory. At thc beginning of tbe next
rnonth, a.ll remaining humidifiers $rere removed
aseptically and replaced by the sane procedure.

Reusable llumidifiers

For a l-month period, reusable oxygen humidifi-
ers were used according to standard hospital prac-
tice as outlined. Hospital procedure dictated single-
patient use, with sterile water being changed cvery
8 hours. llowever, adherence to this procedure was
not monitored or enforced by our team because the
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purpose of this part of the study was to see whether
conramination of reusable humidifiers occurred
with methods currently in use. The humidifiers
were collected weekly and transported to the rni-
crobiology laboratory.

Culture Procedure

Quantitative cultures were done on both pre-
filled disposable and reusable humidifiers for aero-
bic miaoorganisms, including Iz g íonella. Residual
water in the humidifiers was swirled and aseptical-
ly removed úsing a nrbcrculin syringe aad a ?j5-
gauge needle.lo Blood agar, chocolate agar, and
buffered charcoal yeast extract plates were in-
oculated by spreading 0.1 mT. of water uniforurly
over the agar surface. Media were preincubated for
24 hours to exclude environmental contarninatiori,
and. TOVo of the samples were processed usiug a .
HEPA filtration biosafery cabiner (NuAire Bio-
logical Safety Cabinet, lvfodel 3 NU4l0-400, Nu-
.Àire Inc, Plyrnouth NM) located in the Infectious
Disease Research Laboratory. All plates were in-
cubated n 5?o CO2 at 37oC and read at 24 and 48
hours. Legíonella plates were read at 72 hours and
at 7-10 days. A record was rnade of the number of
colony forming units per rnl- (cfu/ml) per plate
and the different morphotypes.rr

Results

A total of 1,315 prefrlled disposable humidifrers
rvere collected; of these, 1,311 had completed data
forms and'sufflrcient water for culturing. In the
months of April through August 1990, 636 dispos-
able humidifiers were cultured, and in the months
of February through May, 1991,675 disposable hu-
midifiers were cultured. Sixty reusable humidifiers
were cultured during November 1991. During the
first monitoring period, 4/636 disposable humidifi-
ers had from 10 to 30 cfi:/ml bacterial growth. Sig-
nificant growth was considered to be greater than
100 cfir/ml.tr îhese four humidifiers may have
been suspect due to environmental contamination
of rvater samples during planting. A HEPA filtra-
tion biosafecy cabinet was then acquired to prevent
this inadvertent contamination. All of the 675 dis-
posable humidifiers were culture negative during
the second monitoring period. Of the 60 reusable

RESPIRATORY CARE . APRIL '93 VOI 38 NO 4

bwlodars
Highlight



LENGTH OF HUMIDIFIER USE

lúle l. Culturc Results from Disposablc and Rcusabtc
Humidificrs

4 (0.6%)r
0 (0%)
6(r0%,

Tablc 2. Mulripaticnr Usc of Disposablc prcfillcd Humidificrs
during thc Srudy pcriod

HumidificrTYPc Total Numbcr Numbcr Contaminatcd Numbcr of Paticnrs

Prclilled
Pariod I
Petíod,2
Rcusablc

tl0-30 cfu/rnl, not considcred clinically inportane

Numbcr of Humidifier Uoits

636
675
60

0-5
6_20
zt-50
> 5 0

*Onc bumidifier in
paricnts.

1,067
il4
?7
53

tbc rccovery room ì,vits uscd on l5l

.^ humidifiers cultured, 6 had significant bacterial
lJ gronvth (Table l). Most of rhis growth was co-

. agulase-negatJve Staphylococcus oí Mícrococcus

. species, and therefore thc contamination was
, thought ùo havc been from staff handling or from

^ poor technique during filling of reusable humidift_
! ers as reported by Cahill andHeath.rz

i The disposable humidifiers were used fron 1 to
i 40 days (Fig. l), and the number of patients using a; grven humidifierranged from I to l5l Gable 2).

Discussion

_ Althgugh humidifiers have not been thought !o
plal as important a role in thc transmission of con-
tagron capable of causing nosocomial pncumonias
as, have, devices producing aerosols,r?'Ahlgren er
al-o-in a bench study demonstrated the transriission
of bacteria from inoculated hunidifier reseryoirs at
gas flows of 5 Umin and Moiraghi et ale have re-
ported association between fatal pneumonia and
contaminated water in oxygen bubble humidifiers.
Rhàme et alr3 showed that cascade_type humidfiers
can gencrate microaerosols capable of carrying
ba3!!a ryf9n operated at high fio,rEates (lO-80 L/
nrir) but did n_ot report on simple bubble_t5rpe hum-
difi.ers at low flowrates.

Tablc 3. Daily Cosr of hcEllcd Humidifien Bascd oo
Estimatcd Duration of Use

' a

. c
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,![i3;i;ii,iîl?iil,,?J]1l"::HJ:,::'J:Íifl f 'illl5,1
gency and Racovery Room data show thatwlth high pa-
llent turnov€r and noncontlnuous use, humldiflers can
last for periods ol4 weeks or greatar. Tire maJorlty of the

,_- i hrmidili€rs ware used on meOical floors, anO lor 2 weeks
t* 71",",i..:j:T"^Y:1g!:i!" were usualy on conllu-

Our results,l4 like the rcsuls of oúrcrs,rers-20
suggcst that bacterial contamination of prefilled hu-
midifiers during extended multipatieni use is un-
likely and support the use of prefilled humidifiers in
that way.

The study of Daschner et al2r of mechanically
ventilated patients found no safery advantage foi
mainsEeam prcfilled humdifiers over reusable hu-
midifiers, but our finding of skin-flora contamina-
tion of 6/60 reusable humidifiers suggests other-
wise.

When thc staff time and cost for frlling the re-
usable humidifiers and sterile water costs are taken
into account, it is more cost-effective to use dispos-

2wk 3wk 4wk
L.ngth of U!r

irus flows. r = emergency room; r = medÉd unlts; [ =
fscov€ry roofn.

Oxygen Flowratc Duration of Usc Daily Cost

2Urnl,n
4Umi!

152 hours (63 days)
80 hours (3.3 days)

s0.33
s0.63

The daily cosr of using a prefilled disposable hu-
Sdifi"-r is outlined per litei of flowratc (Tablc 3).
::gT T. cost analysis'figures, wc can see that pre-
fiìled disposable humidifiers were cconomicd òdy
if used for morc than one patienc In one area of
high patient rurnover, I disposable humidifier was
used on 151 patients. If this humidifier had been
changed for each patienq our cost would have been
S314.08 instcad of $2.08.

I

soo

4(x)
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(e

able prefilled humidifiers than reusable devices
(Tables 3 e, q. Guidelines for use of prefilted dis-
posable humidifiers are skerchy and inconclusive.
bpc (C"nt"rs for Disease Contol)2z addrcsses the
issue by stating that disposable units may bc safe ro
use for a period longer tban 24 hours but ,,it is un-
l.nown whether these need to be routinely changcd
before they are empry." The Canadian Guidelines
state "when used for tbe sarne patienL prefilled
sterile disposable units nay be left in place in ac-
cordance with the manufacturer's time limit recom-
mendations."a Single-patient usage of these pre-
filled disposable humidifiers is very expensiveto
($2.08 per patient, Canadian dollars), especially in
areas of high patient turnover where bumidifiers
mlght be used for only a few hours. Manufacnrrers
of disposable oxygen units label their units ,,single

use," and the time frarne for use of the unit is not
addressed.

Table 4. Rcusablc Humidifcr Cosr pcr patient

con:pletcly empded and refilled every g hours or
more ofren if fluid gets below fiil line (bonles not
to be topped up)." All this was ver_a, expensive both
in labor and srerile water cosr. Our hospital
adminisrative policy dictated that items labeled
"Single Patient [Jse" not be reused. Earlier snrdies
on multipatient use are small and include no micro-
biologic data regarding length of time a disposable
unit may be left in place.l0.ra'20 Meehante showed
sterility in 14 prefilled disposable humidifierc up ro
a period of 77 days, but this was an in-virro study
and humidifiers were never connected to patients.
Seto et al4 eva,luated 4d prefilled disposables in
use on patients for a period of I to 6 days and con-
cluded that sterility could be maintriqed. Because
of the smail numbers.and short duration the re_
searchers concluded that it was acceptable to leavc
them on wall outlets for only up to l0 days.

Conclusions

Based on our data, the practical findings arc
three. First, disposable prefilled humidifiers can be
uscd safely without risk of contamination until
empty, or for up to 4 weeks. Second, prefilled hu-
midifiers can be used safely for many patients in
succession. Third, using prefilled humidifiers for
multiple patients will result in a substantial cost
saving when compared to reusable humidifiers.
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Hudson reusable hunidificr
(not included in cosr analysis)

Clcaning aide wage
SterilcH2O l,00OmL
Nursey'therapist wagc

$29.00

$ 9.84/hour
$ 1.30
$18.00/bour

Function îime

l . Disassemble soilcd humidifr er.
prewash, rinse, placc in Cidcmatic

$ 1.64
Soak in Sporicidin
Takc out of Cidemaric, riasc, dry
Reassemblq packagc, place
on ward

10 min
20 min

10 min

!0 !!in
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l0min
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2.
?

i . -  4 .
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Wielopacjentowe Stosowanie Wstępnie Napełnionych Nawilżaczy Tlenowych Do 30 Dni: 

Bezpieczeństwo Pacjentów i Analiza Kosztów 

                                        Sandra D Golar RRT, L.L.A. Sutherland RRT  i Dr G.T.  Ford  

 

   Stwierdzono, że wstępnie napełnione, jednorazowe nawilżacze tlenowe  zmniejszają ryzyko zakażenia w 

porównaniu z wielorazowymi pojemnikami. Jednakże, wstępnie napełnione nawilżacze są droższe, kiedy 

stosowane są tylko u pojedynczych pacjentów, szczególnie przy częstej zmianie pacjentów. Nie wiadomo, 

czy pojemniki te muszą być zmieniane wcześniej, zanim są opróżnione. Liczba pacjentów, która mogłaby 

korzystać z tych samych pojemników nie była wcześniej zdefiniowana. Czy pacjenci są narażeni na 

wewnątrzszpitalne zakażenia krzyżowe, kiedy pojemniki te używane są do wielu pacjentów? Jakie są 

korzyści finansowe stosowania pojemników jednorazowych do wielu pacjentów? Kiedy lokalna praktyka 

lekarska nakazuje nawilżanie tlenu przy niskim przepływie, te pytania wymagają odpowiedzi. 

 

Wstępnie napełnione nawilżacze 

Karta monitorująca była dołączona do każdego nawilżacza. Notowano daty,  kiedy nawilżacz był otwarty i 

kiedy wycofany z użycia, nazwę oddziału i łóżka  a także liczbę pacjentów, u których stosowano nawilżacz. 

Personel został poinformowany o badaniu oraz przeszkolony w zakresie wypełniania kart monitorujących 

i nawilżaczy ( Aquapak, Hudson RCI, Temecula CA).  

Każdy nawilżacz był wykorzystywany maksymalnie do 30 dni lub gdy, zostało tylko 2,5 cm wody w 

pojemniku. Kiedy nawilżacz był wyjmowany, zarówno wlot przepływomierza jak i wylot nawilżacza były 

aseptycznie uszczelniane sterylną gazą i taśmą a pojemnik był transportowany do laboratorium 

mikrobiologicznego.  

Wyniki 

Zastosowano filtry  HEPA w komorze bezpieczeństwa biologicznego, aby uniknąć przypadkowego 

zakażenia.  

U wszystkich spośród 675  stosowanych  jednorazowych nawilżaczy posiewy były negatywne.  

Spośród 60 wielorazowych nawilżaczy, w 6 stwierdzono znaczny wzrost bakterii. W większości były to 

bakterie ze szczepów koagulazo-ujemnych Staphylococcus i Micrococcus. 

Uważa się, że zakażenia pochodziły od rąk personelu oraz techniki napełniania wodą wielorazowych 

nawilżaczy zgodnie z doniesieniami Cahill i Heath.  

Jednorazowe pojemniki były stosowane od 1 do 40 dni  ora liczba pacjentów korzystających z danego 

nawilżacza wahała się od 1 do 151. 

Analiza kosztów finansowych wskazywała, stosowanie jednorazowych pojemników było tylko 

ekonomicznie uzasadnione, kiedy były one stosowane u wielu pacjentów.  

W obszarze częstej zmiany pacjentów (sala wybudzeń) 1 pojemnik  zastosowano u 151 pacjentów. 



Gdyby pojemnik był zmieniany po każdym pacjencie całkowity koszt wynosiłby 314,08 USD zamiast 2,08 

USD.  

Dyskusja 

Nasze wyniki, podobnie jak innych autorów sugerują, że zakażenia bakteryjne wstępnie wypełnionych 

nawilżaczy podczas wielopacjentowego, przedłużonego stosowania są mało prawdopodobne wspierają 

ich użycie w ten sposób. 

Kiedy bierzemy pod uwagę czas pracy personelu i koszt napełniania sterylną wodą wielorazowych 

pojemników, stosowanie wstępnie wypełnionych jednorazowych pojemników jest uzasadnione 

ekonomicznie. 

 

Wnioski 

Opierając się na naszych danych  wysuwamy  trzy praktyczne wnioski.   

Po pierwsze, jednorazowe, wstępnie napełnione nawilżacze mogą być bezpiecznie używane bez ryzyka 

zakażenia do 4 tygodni. 

Po drugie, wstępnie napełnione nawilżacze mogą być bezpiecznie używane u wielu, kolejnych pacjentów.  

Po trzecie, korzystanie z tych pojemników u wielu pacjentów prowadzi do znacznej redukcji kosztów w 

porównaniu z wielorazowymi nawilżaczami.  
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