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Evaluation and Monitoring
of Device-Associated Infection Rates in

Anesthesiology Intensive Care Unit

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vveess::  To eva lu a te the in ci den ce of de vi ce-as so ci a ted no so co mi al in fec ti ons, de-
vi ce uti li za ti on ra ti os and the iso la ted pat ho gens in the Anest he si o logy In ten si ve Ca re Unit (ICU).
MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  A pros pec ti ve sur ve il lan ce study was per for med from Ja nu ary 2006 thro ugh
De cem ber 2007 in the Anest he si o logy ICU of the hos pi tal. No so co mi al de vi ce-as so ci a ted in fec ti ons
we re de fi ned ac cor ding to the Cen ters for Di se a se Con trol and Pre ven ti on (CDC) cri te ri a. RRee  ssuullttss::
Du ring the two-ye ar pe ri od, 510 pa ti ents with a to tal of 5924 pa ti ent-days we re analy zed. The ra te
of ven ti la tor-as so ci a ted pne u mo ni a (VAP) was 15.4 in fec ti ons per 1000 ven ti la tor-days, the ra te of
cen tral ve no us cat he ter-as so ci a ted blo ods tre am in fec ti on (CVC-BSI) was 4.3 in fec ti ons per 1000 cen-
tral ve no us cat he ter-days, and the ra te of cat he ter-as so ci a ted uri nary tract in fec ti on (CA-UTI) was
3.9 in fec ti ons per 1000 uri nary cat he ter-days. Ven ti la tor, cen tral ve no us cat he ter, and uri nary cat -
he ter uti li za ti on ra ti os we re 0.89, 0.86, and 1.00, res pec ti vely. Ove rall, the most com mon mic ro or -
ga nisms we re Kleb si el la pne u mo ni a e (20%), Pse u do mo nas ae ru gi no sa (17%), and Esc he ric hi a co li
(10%) among pa ti ents with de vi ce-as so ci a ted no so co mi al in fec ti ons ac cor ding to the cli ni cal samp -
les. CCoonncc  lluu  ssii  oonnss::  Alt ho ugh the de vi ce uti li za ti on ra tes we re high in the ICU of our hos pi tal, the ra -
tes of de vi ce-as so ci a ted in fec ti on we re lo wer than tho se re por ted by the Tur kish ove rall ra tes from
the In ter na ti o nal No so co mi al In fec ti on Con trol Con sor ti um. For con trol of pa ti ent sa fety in ICUs,
the pa ra me ters re gar ding de vi ce-as so ci a ted in fec ti ons sho uld be con ti nu o usly mo ni to red and eva lu -
a ted in all hos pi tals. In ad di ti on, pre ven ti on of no so co mi al in fec ti ons re qu i re in ter dis cip li nary co o -
pe ra ti on bet we en hos pi tal ad mi nis tra tors, unit/ward/ser vi ce di rec tors, and ot her he alt hca re staff.

KKeeyy  WWoorrddss::  Cross in fec ti on, in ten si ve ca re units

ÖÖZZEETT  AAmmaaçç::  Anes te zi yo lo ji Yo ğun Ba kım Üni te si (YBÜ)’nde ge li şen alet ile iliş ki li no zo ko mi yal
enfeksiyon la rın sık lı ğı nın, alet kul la nım oran la rı nın ve enfeksiyon et ken le ri nin  de ğer len di ril me -
sidir. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: Ocak 2006-Ara lık 2007 ta rih le ri ara sın da has ta ne miz Anes te zi yo lo ji
YBÜ’de ile ri ye dö nük bir sür ve yans ça lış ma sı ger çek leş ti ril di. Alet ile iliş ki li no zo ko mi yal
enfeksiyon ta nı la rı “Cen ters for Di se a ses Con trol and Pre ven ti o n (CDC)” kri ter le ri ne gö re ko nul -
du. BBuull  gguu  llaarr::  İki yıl lık dö nem de 510 has ta 5924 has ta gü nün de iz len di. Bin ven ti la tör gü nü ne gö re
ven ti la tör ile iliş ki li pnö mo ni (VİP) hı zı 15.4, 1000 san tral ve nöz ka te ter (SVK) gü nü ne gö re SVK
ile iliş ki li kan do la şı mı enfeksiyon (SVK-KDE) hı zı 4.3 ve 1000 üri ner ka te ter (ÜK) gü nü ne gö re ÜK
ile iliş ki li üri ner sis tem enfeksiyon (ÜK-ÜSE) hı zı 3.9 ola rak sap tan dı. Ven ti la tör, SVK ve ÜK kul -
la nım oran la rı sı ra sıy la 0.89, 0.86 ve 1.00 ola rak bu lun du. Alet ile iliş ki li enfeksiyon la rdan elde
edilen kli nik ör nek le r de en sık sap ta nan mik ro or ga niz ma lar, Kleb si el la pne u mo ni a e (%20), Pse u -
do mo nas ae ru gi no sa (%17) ve Esc he ric hi a co li (%10) idi. SSoo  nnuuçç::  Has ta ne miz YBÜ’ de alet kul la nım
oran la rı yük sek sap tan ma sı na kar şın, alet ile iliş ki li enfeksiyon hız la rı mız “In ter na ti o nal No so co -
mi al In fec ti ons Con trol Con sor ti u m (INICC)” Tür ki ye or ta la ma hı zı na gö re dü şük bu lun du. Has ta -
ne ler de YBÜ’ de has ta gü ven li ği nin kon tro lü için alet ile iliş ki li enfeksiyon lar la il gi li tüm
pa ra met re ler sü rek li ola rak izlenmeli ve de ğer len di ril me li dir. Ay rı ca, no zo ko mi yal enfeksiyon la -
rın ön len me si, has ta ne yö ne ti mi, ser vis şef le ri ve di ğer has ta ne ça lı şan la rı ara sın da iş  bir li ği ge rek -
tir mek te dir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: No zo ko mi yal enfeksiyon, yo ğun ba kım üni te le ri
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o so co mi al in fec ti ons with sig ni fi cant ad di -
ti o nal mor bi dity, mor ta lity, length of stay,
and eco no mic bur den are among the ma -

jor prob lems of hos pi tal  ma na ge ment and a thre at
to pa ti ent sa fety thro ug ho ut the world.1-3

Alt ho ugh pa ti ents in in ten si ve ca re units
(ICUs) are a small sub gro up of all hos pi ta li zed pa-
ti ents, no so co mi al in fec ti on ra tes among ICU pa ti -
ents are hig her than those among the ge ne ral ward
pa ti ents. In ten si ve ca re unit pa ti ents are at gre a ter
risk of de ve lo ping no so co mi al in fec ti ons for se ve -
ral re a sons, such as the pre sen ce of un derl ying di s-
e a ses, per for med in va si ve di ag nos tic and
the ra pe u tic pro ce du res and im pa i red host de fen -
ces.3-8

Most no so co mi al in fec ti ons in ICUs are re la -
ted to de vi ce use.3,5,8 It has be en re por ted that in tra-
hos pi tal and in ter-hos pi tal com pa ri son of ICU
in fec ti on ra tes may best be shown by com pa ring
ICU type-spe ci fic and de vi ce-as so ci a ted in fec ti on
ra tes and de vi ce uti li za ti on ra ti os.5,9

To da te, only a few re ports ha ve be en pub lis -
hed on de vi ce-as so ci a ted in fec ti on ra tes and de vi -
ce uti li za ti on ra ti os in ICUs from Tur key in the
li te ra tu re.10-13 In this study, we ai med to eva lu a te
the in ci den ce of de vi ce-as so ci a ted no so co mi al in-
fec ti ons, de vi ce uti li za ti on ra ti os and the iso la ted
pat ho gens in the anest he si o logy ICU of a te ac hing
and re se arch hos pi tal.

MA TE RI ALS AND MET HODS
The Hos pi tal is a 732-bed te ac hing hos pi tal with
abo ut 30.000 ad mis si ons an nu ally. This pros pec ti -
ve study was per for med in the ana est he si o logy ICU
of our hos pi tal bet we en Ja nu ary 2006 and De cem -
ber 2007. Our an est he si o logy ICU, which has ten
beds, ca res for cri ti cally ill me di cal, sur gi cal, ne u -
ro sur gi cal, and tra u ma pa ti ents.

Du ring the study pe ri od, in fec ti on con trol
nur ses vi si ted the ICU pa ti ents every day. They re -
cor ded da ta such as age, gen der, da te of hos pi ta li -
za ti on, ca u se of ad mis si on, un derl ying di se a ses, use
of H2 re cep tor an ta go nists, sur gi cal ope ra ti ons and
in va si ve pro ce du res, such as cen tral and/or pe rip -
he ral in tra ve no us ac cess, na so gas tric tu be, en do-

t rac he al in tu ba ti on, mec ha ni cal ven ti la ti on, uri-
nary cat he ter, trac he o tomy, etc. In ad di ti on, pa ti -
ents we re visited by an in ten si ve ca re physi ci an
and in fec ti o us di se a se spe ci a lists. When a pa ti ent
was de ter mi ned to ha ve a no so co mi al in fec ti on, the
da te of on set, in fec ti on si te, iso la ted mic ro or ga -
nisms and the ir sus cep ti bi lity pat terns we re al so re -
cor ded. No so co mi al in fec ti ons we re de fi ned
ac cor ding to the stan dart de fi ni ti ons of Centers for
Disease Control and Prevention (CDC).14 The ove -
rall no so co mi al in fec ti on ra tes per pa ti ent and per
pa ti ent-day we re cal cu la ted by di vi ding the to tal
num ber of no so co mi al ICU in fec ti ons by the to tal
num ber of ICU pa ti ents x 100 and pa ti ent-days x
1000, res pec ti vely. De vi ce uti li za ti on ra ti os we re
cal cu la ted by di vi ding the to tal num ber of de vi ce-
days by the to tal num ber of pa ti ent-days. Ra tes of
ven ti la tor-as so ci a ted pne u mo ni a (VAP), cen tral ve-
no us cat he ter-re la ted blo ods tre am in fec ti ons
(CVC-BSI), and cat he ter-as so ci a ted uri nary tract
in fec ti ons (CA U TI) per 1000 de vi ce-days we re cal-
cu la ted by di vi ding the to tal num ber of in fec ti ons
by the to tal num ber of spe ci fic de vi ce-days and
mul tipl ying the re sult by 1000.15

RE SULTS
Du ring the two-ye ar study pe ri od, da ta on  510 pa-
ti ents with a to tal of 5924 pa ti ent-days, we re ana-
ly zed. A to tal of 127 de vi ce-as so ci a ted in fec ti ons
oc cur red. The dis tri bu ti on of in va si ve de vi ce-as so -
ci a ted in fec ti ons was 64.6%, 17.3%, and 18.1% for
VAP, CVC-BSI, and CA U TI, res pec ti vely. Ra tes of
de vi ce-as so ci a ted in fec ti ons per 1000 de vi ce-days
and de vi ce uti li za ti on ra ti os were lis ted in Tab le 1.
The ove rall no so co mi al in fec ti on ra tes we re 24.9
in fec ti ons per 100 pa ti ents and 21.4 in fec ti ons per
1000 pa ti ent-days. 

In 127 de vi ce-as so ci a ted in fec ti ons, 177 pat ho -
gens we re iso la ted from cli ni cal  samp les. Thirty of
VAPs, and fo ur CA U TIs we re po li mic ro bi al. In
CVC-BSIs, 22 we re blo od-re la ted samp les,  and 16
we re CVC-re la ted samp les. Ove rall, po li mic ro bi al
iso la tes we re mostly gram-ne ga ti ve spe ci es.

Pat ho gens iso la ted from de vi ce-as so ci a ted in-
fec ti ons ac cor ding to the cli ni cal samp les were lis -
ted in Tab le 2. 
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Device-associated infections

Infection site No.   % Device-days Device utilization ratio Rate per 1000 device-days Rate per 100 patients 

VAP 82   64.6 5326 0.89 15.4 16.1

CVC-BSI 22    17.3 5101 0.86 4.3 4.3

CAUTI 23     18.1 5924 1 3.9 4.5

TABLE 1: Rates of device-associated infections per 1000 device-days and device utilization ratios.

From the cli ni cal samp les, the most com monly
iso la ted pat ho gens we re Kleb si el la pne u mo ni a e and
Pse u do mo nas ae ru gi no sa among pa ti ents with
VAPs, met hi cil lin-re sis tant co a gu la se-ne ga ti ve
(CN) staph ylo coc ci and Can di da spe ci es among pa-
ti ents with CVC-BSIs, and P. ae ru gi no sa, and K.
pne u mo ni a e among pa ti ents with CAUTIs (Tab le
2). Ove rall, the most com mon mic ro or ga nisms we -
re K. pne u mo ni a e (20%), P. ae ru gi no sa (17%), and
Esc he ric hi a co li (10%). Gram-ne ga ti ve iso la tes
(71%) we re the pre do mi nant pat ho gens.

DIS CUS SI ON
This was the first study com pa ring de vi ce-as so ci a -
ted in fec ti on ra tes and de vi ce uti li za ti on ra ti os in
the me di cal-sur gi cal an est he si o logy ICU of our
hos pi tal with the re sults of ear li er stu di es in the li-
te ra tu re. Ra tes of he alt hca re-as so ci a ted in fec ti ons
are re por ted to vary bet we en co un tri es and wit hin
the sa me co untry de pen ding on re so ur ces, in te rest
of ca re gi vers and he alt hca re staff, and the so ci o e -
co no mic sta tus of the pa ti ent.1

In the pre sent study, the rate of de vi ce as so ci -
a ted in fec ti ons (DA I) per 100 pa ti ents and per 1000
pa ti ent-days we re 24.9 and 21.4, res pec ti vely.  Al-
t ho ugh our DAI ra te per 100 pa ti ents was hig her
than the ra te in the Na ti o nal No so co mi al In fec ti -
ons Sur ve il lan ce System (NNISS) re port from the
Uni ted Sta tes, and the In ter na ti o nal No so co mi al
In fec ti on Con trol Con sor ti um (INICC), with an
ove rall ra te of 6.1 and 14.7, res pec ti vely, it was lo -
wer than the ove rall DAI ra te re por ted from Tur -
key (38.3/100 pa ti ents) in the INICC study.11,16,17

The ra te per 1000 pa ti ent-days was al so lo wer than
the ove rall ra te of Tur key in the INICC study,
which was 33.9/1000 pa ti ents-days, but was si mi lar
to the da ta of INICC.11,17

The dis tri bu ti on of DAI types tends to vary 
bet we en dif fe rent ICU stu di es.11,12,17-19 The 
DAI dis tri bu ti on in the In di an study of the INICC18

was 61.3%, 29.6% and 9% for CVC-BSI, VAP, and
CA U TI, res pec ti vely.18 The se fin dings we re in ac-
cor dan ce with the re sults of the Co lom bi an da ta
from the INICC.19 In our study, VAP (64.6%) was
the most fre qu ent DA I, fol lo wed by CA U TI
(18.1%), and CVC-BSI (17.3%), si mi lar to tho se re-
por ted in the pre vi o us stu di es.11,17

DAI ra tes and de vi ce uti li za ti on ra ti os are re -
com men ded to be exa mi ned to get her to ta ke ap-
prop ri a te pre ven ti ve me a su res.20 Our DA I va lu es
we re hig her than the po o led me ans re por ted for
me di cal-sur gi cal ICUs by the NNISS, which we re
5.4 for VAP, 3.9 for CVC-BSI, and 4.0 for CA U TI,
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Infectious Diseases Avcı et al

Total

Pathogens VAP* CVC/BSI** CAUTI*** No        %

Klebsielb pneumonia 27 1/1 7 36        20.3

Pseudomonas aeruginosa 22 0 8 30        16.9

Escherichia  coli 14 0 4 18        10.2

Acinetobacter baumannii 15 0/1 1 17          9.6

Staphylococcus aureus 12 2/2 1 17          9.6

Proteus mirabilis 12 0/1 3 16          9

CN staphylococci 2 6/7 - 15          8.5

Candida spp. - 5/7 - 12          6.8

Enterococci - 1/2 3 6          3.4

Enterobacter spp. 5 0 - 5          2.8

Stenotrophomonas maltophilia 2 1/1 - 4          2.3

Streptococcus pneumonia e 1 0 - 1          0.6

Total 112 16/22 27 177      100

TABLE 2: Pathogens isolated from device-associated
infections according to the clinical samples.

*VAP: Endotracheal aspirates
** CVC/BSI:  central venous catheter /  bloods tream infections
*** CAUTI: cetheter-associated urinary tract infections.

VAP: Ven ti la tor-as so ci a ted pne u mo ni as, CVC-BSİ: Central venous catheter-bloodstream infection, CAUTI: Catheter-associated urinary tract infections.



and by the Na ti o nal He alt hca re Sa fety Net work
(NHSN) Re port, which we re 2.7 for VAP, 2.2 for
CVC-BSI, and 3.1 for CA U TI, but  were lo wer than
the Tur kish da ta from the INICC study, with an
ove rall ra te of 26.5 per 1000 mec ha ni cal ven ti la -
tor-days for VAP, 17.6 per 1000 cen tral ve no us cat -
he ter-days for CVC-BSI, and 8.3 per 1000 uri nary
cat he ter-days for CA U TI.11,16,20

Our mec ha ni cal ven ti la tor, cen tral ve no us cat -
he ter, and uri nary cat he ter uti li za ti on ra ti os we re
all hig her than tho se in the pre vi o us re ports.11,16,21

Pos sib le exp la na ti ons for our high DAI ra tes and
de vi ce uti li za ti on ra ti os, com pa red to  the NNISS
and NHSN are: 1) lack of in te rest of he alt hca re staff
abo ut hos pi tal in fec ti ons and con se qu ently lack of
comp li an ce with ba sic prac ti ces of in fec ti on con t-
rol me a su res, such as hand hygi e ne, glo ve and
gown use, bar ri er pre ca u ti ons du ring de vi ce ma ni -
pu la ti on, ca re of de vi ces, ti mely re mo val of de vi ce
and etc.; 2) a high pa ti ent: staff ra ti o; 3) lack of tra -
i ned nur ses, and 4) pre sen ce of mul ti-bed ro oms
with no bar ri ers.

Alt ho ugh the de vi ce uti li za ti on ra ti os we re
hig her, the ra tes of DAI we re lo wer than the Turk-
ish ove rall ra tes reported by INICC.11 The lo wer ra -
tes ob ta i ned in the pre sent study could be
attributed to ina de qu a te de tec ti on of DAI du e to
culturing the patient while on antibiotic therapy
or cul tu res. A par ti cu larly high ra ti o of uri nary cat -
he ter use was ob ser ved in our ICU. This was con-
si de red to be du e to not re mo ving cat he ters at the
ear li est pos sib le ti me. 

Dis tri bu ti on of pat ho gens ca u sing no so co mi al
in fec ti ons chan ges with ti me and va ri es bet we en
hos pi tals, even in dif fe rent parts of the sa me hos pi-
tal.22-24 In the pre sent study, ove rall, gram-ne ga ti ve
bac te ri a we re the most com mon agents iso la ted
from cli ni cal samp les in the ICU. This was in ac-
cor dan ce with so me pre vi o us stu di es re por ted from
our co untry.10,13 Sur pri singly, in the study from the
Pa muk ka le Uni ver sity Hos pi tal Can di da spp. we re
the most com mon ca u sa ti ve pat ho gens in DA Is.12

Ric hards et al re por ted that in pa ti ents with pne -

u mo ni a, S. au re us (17%), in pa ti ents with UTIs, E.
co li (19%), and in pa ti ents with pri mary BSIs, co-
a gu la se-ne ga ti ve staph ylo coc ci (39%) we re the
most fre qu ently iso la ted pat ho gens in com bi ned
me di cal-sur gi cal ICUs in the Uni ted Sta tes bet we -
en 1992 and 1998.25 Ho we ver, in the Tur kish
study of INICC, ove rall, Aci ne to bac ter spp. was
the ca u sa ti ve agent in 29.2% of VAP, Can di da spp.
in 44% of CA U TI and Aci ne to bac ter spp. in 23.2%
and S. au re us in anot her 23.2% of CVC-BSI.11 In
the pre sent study the most fre qu ently iso la ted pat -
ho gens from cli ni cal samples we re K. pne u mo ni -
a e (24%), and P. ae ru gi no sa (20%) in VAP, P.
ae ru gi no sa (30%) and K. pne u mo ni a e (26%) in
CA U TI, and co a gu la se-ne ga ti ve staph ylo coc ci
(34%) and  Can di da spp. (32%) in CVC-BSI. In te -
res tingly, Can di da spp. was the se cond most com-
mon mic ro or ga nism in CVC-BSIs samp les. This
may be as so ci a ted with ex ces si ve bro ad-spec trum
an ti bi o tic use and long du ra ti on of cat he te ri za ti -
on.

As men ti o ned be fo re, for the pre ven ti on of
DA Is, ge ne ral re com men da ti ons inc lu de: 1) staff
edu ca ti on; 2) use of a sur ve il lan ce prog ram with a
res tric ti ve an ti bi o tic po licy; 3) ade qu a te ti me for
hand was hing; and 4) bar ri er pre ca u ti ons du ring
de vi ce ma ni pu la ti on. Mo re o ver, spe ci fic con trol
me a su res must be ta ken for VAP, CVC-BSI, and
CA U TI.26-29 For examp le, re ports in di ca te that the
use of the VAP pre ven ti on bund le or the CVC-BSI
pre ven ti on bund le re sults with sig ni fi cant re duc ti -
ons in CVC-BSI ra tes or VAP ra tes.28-30

In conc lu si on, the con trol of pa ti ent sa fety in
ICUs de pends lar gely on tar ge ted sur ve il lan ce and
cal cu la ti on of ra tes for DAI per 1000 de vi ce-days.
This wo uld fa ci li ta te the com pa ri son of in fec ti on
ra tes in si mi lar ICUs, gu i de our way to de tect the
prob lems in our ICUs and to for mu la te a con t-rol
po licy. Ho we ver, it sho uld al ways be re mem be red
that the con trol of no so co mi al in fec ti ons re qu i res
in ter-dis cip li nary co o pe ra ti on bet we en hos pi tal ad-
mi nis tra tors, unit/ward/ser vi ce di rec tors and ot her
he alt hca re staff.
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