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Catheter-associated urinary tract infection in a surgical intensive care

unit
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Abstract

Background/Aim. Because patients in intensive care units
usully have an urinary catheter, the risk of urinary tract infection
for these patients is higher than in other patients. The aim of this
study was to identify risk factors and causative microrganisms in
patients with catheter-associated utinary tract infection (CAUTT)
in the Surgical Intensive Care Unit (SICU) during a 6-year pe-
riod. Methods. All data were collected during prospective sur-
veillance conducted from 2006 to 2011 in the SICU, Military
Medical Academy, Belgrade, Serbia. This case control study was
performed in patients with nosocomial infections recorded dur-
ing surveillance. The cases with CAUTIs were identified using
the definition of the Center for Disease Control and Prevention.
The control group consisted of patients with other nosocomial
infections who did not fulfill criteria for CAUTIs according to
case definition. Results. We surveyed 1,369 patients represent-
ing 13,761 patient days. There wete a total of 226 patients with
nosocomial infections in the SICU. Of these patients, 64 had
CAUTISs as defined in this study, and 162 met the criteria for the
control group. Multivariate logistic regression analysis identified
two risk factors independently associated to CAUTIs: the dura-
tion of having an indwelling catheter (OR =1.014; 95% CI
1.005-1.024; p = 0.003) and female gender (OR = 2.377; 95%CI
1.278-4.421; p=0.006). Overall 71 pathogens were isolated
from the urine culture of 64 patients with CAUTIs. Candida spp.
(28.2%), Pseudomonas aernginosa (18.3%) and Klebsiella spp. (15.5%)
were the most frequently isolated microorganisms. Conclusions.
The risk factors and causative microrganisms considering CAU-
TIs in the SICU must be considered in of planning CAUTIs
prevention in this setting.

Key words:

urinary tract infections; cross infection; intensive care units;
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Apstrakt

Uvod/Cilj. Rizik od infekcije utinarnog trakta je visi kod
bolesnika u jedinicama intenzivne nege nego kod ostalih bolesnika
zbog toga $to oni obi¢no imaju urinarni kateter. Cilj rada bio je da
se ispitaju bolesnici sa infekcijom urinarnog trakta povezanom sa
kateterom [catheter-associated urinary tract infection (CAUTT)] tokom 6
godina u Hirurskoj jedinici intenzivne nege (HJIN) da bi se utvrdili
znacajni faktori rizika i uzrocnici oboljenja. Metode. Podaci su
prikupljeni tokom prospektivnog epidemioloskog nadzora u
periodu od 2006. do 2011. godine u HJIN Vojnomedicinske
akademije, Beograd, Stbija. Studija slucaja i kontrola je obuhvatila
bolesnike sa  bolnickim  infekcijama tokom
epidemioloskog nadzora. Bolesnici sa CAUTI identifikovani su na
osnovu definicije Centra za kontrolu 1 prevenciju bolesti.
Kontrolna grupa je obuhvatila bolesnike sa drugim bolnickim
infekcijama koji nisu ispunjavali definiciju CAUTI. Rezultati.
Epidemioloskim nadzorom obuhvaceno je 1369 bolesnika i
13761 bolnickih dana. Ukupno je zabelezeno 226 bolesnika u
HJIN sa bolnickim infekcijama u posmatranom petiodu. Medu
njima, 64 bolesnika imala su CAUTI i 162 su ispunjavala
kriterijume za kontrolnu grupu. Multivarijantna  logisticka
regresiona analiza identifikovala je dva faktora rizika nezavisno
povezana sa CAUTIL: duzina noSenja urinarnog katetera
(OR=1,014; 95% CI 1,005-1,024; »=0,003) i zenski pol
(OR =2377; 95% CI 1,278- 4,421; p=0,006). Izolovan je
ukupno 71 patogen iz urinokultura 64 bolesnika sa CAUTL
Candida spp. (28,2%), Pseudomonas aernginosa (18,3%) 1 Klebsiella spp.
(15,5%) bili su najcesée izolovani mikroorganizmi. Zakljucak.
Faktori rizika 1 uzrocnici koji su povezani sa nastankom CAUTT u
HJIN moraju biti uzeti u obzir pri planiranju mera prevencije
CAUTI u ovom okruzenju.

zabelezenim

Kljucne reci:
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Introduction

Nosocomial infections (NIs) affect about 30% of patients
in intensive-care units (ICU) '. It has been reported that ICUs
account for 25% of NIs even though they occupy only
approximately 10% capacity of a hospital >. The risk of NIs in
ICU is 5-10 times greater than those acquired in general and
surgical wards .

Urinary tract infections (UTIs) comprise 30% to 40% of
all NIs, and 8% to 21% of all NIs are UTIs occurring in
ICUs *°. Richards et al. 7 found that UTI was responsible for
20-30% of NIs in medical/surgical ICUs. According to a large
surveillance program in Europe UTIs were the third most
common type of infection in ICUs after pneumonia and lower
respiratory tract infections *. UTI is the most common NI in
North America and among the most frequent NIs in critically
ill patients *®°.

The presence of a urinary catheter is associated with inc-
reased risk of nosocomial UTI and the incidence of UTIs
among patients with urinary catheters is about 15% . Because
patients in ICUs usually have a urinary catheter, the risk of
UTI for these patients is higher than in other patients.

Catheter-associated UTI (CAUTI) has been associated
with increased morbidity, mortality, hospital cost, and length
of stay "',

CAUTI is recognized as a leading cause of secondary no-
socomial bloodstream infections and approximately 17% of
nosocomial bacteremias are from a urinary source .

There has only been a limited number of studies on CA-
UTIs in ICUs. This case control study investigated patients
with CAUTI over a 6-year period at the surgical ICU to
identify significant risk factors and causative microorganisms.

Methods

All data was collected during prospective surveillance
conducted from February 1, 2006 to December 30, 2011 at the
30 bedded Surgical Intensive Care Unit (SICU), Military Me-
dical Academy (MMA), Belgrade, Serbia. All the patients ad-
mitted in SICU for more than 48 h were included and followed
up. These critical patients were referred for monitoring, obser-
vation, and management from different surgical departments,
eg general surgery, neurosurgery, urology, traumatology, etc.

The active prospective surveillance was performed by the
hospital epidemiologist and infection control nurses following
the recommendations of the Hospital in Europe Link for Infecti-
on Control through Surveillance (HELICS) and USA National
Healthcare Safety Network (NHSN) ' '°. They visited the ICU
daily, gathered information from medical records, microbiologic
and X-ray reports, and interviews with nurses and physicians in
charge. NIs were defined according to the diagnostic criteria of
the Center for Disease Control and Prevention (CDC) '* . Col-
lected variables included all NIs, demographic characteristics,
admission diagnoses, exposure to invasive devices.

Microbiological testing was performed at the MMA’s In-
stitute of Medical Microbiology and all microbiological met-
hods used were consistent with the current National Commitee
for Clinical Laboratory Standards recommendations.

Retrograde analysis was performed in patients with NIs
recorded during surveillance between February 1, 2006 and
December 30, 2011 in SICU of MMA.

The patients with CAUTIs were, identified using defini-
tion of the CDC '®. The control group consisted of ICU pati-
ents with other NIs who did not fulfill criteria for UTI accor-
ding to the case definition.

According to CDC definition,” CAUTI is: A UTI
where an indwelling urinary catheter was in place for > 2 ca-
lendar days on the date of event, with the day of device place-
ment being day 1, and an indwelling urinary catheter was in
place on the date of event or the day before. If an indwelling
urinary catheter was in place for > 2 calendar days and then
removed, the UTI criteria must be fully met on the day of dis-
continuation or the next day”.

Indications for placement of urinary catheters were
acute urinary retention, acute bladder outlet obstruction, need
for accurate measurements of urinary output in the critically
ill, to assist in healing of open sacral or perineal wounds in in-
continent patients, patient requires strict prolonged immobili-
zation and selected perioperative needs > * [urologic surgery
or other surgery on contiguous (adjacent) structures of the
genitourinary tract, anticipated prolonged duration of surgery,
large volume infusions or diuretics anticipated during surgery
and need for intraoperative monitoring of urinary output].

19-21,

Statistical analyses

Infection rate (IR) was expressed as the total number of
UTI per 1,000 patient days. Also, we calculated device utiliza-
tion rates for the period 2008-2011 by dividing the total num-
ber of devices days by the total number of ICU patient days **
Statistical analysis was performed by using the IBM SPSS ver.
20.0 (IBM Co., Armonk, NY, USA). The y’ test and Student’s
t-test were used for data analyses. Any p-values less than 0.05
were considered significant. Multivariate logistic regression
analysis included only variables that showed a statistically sig-
nificant association.

Results

We surveyed 1,369 patients representing 13,761 patient
days (Table 1). During the period from 2006 to 2011, IR of
UTI ranged from 1.1 in 2007 to 8.6 in 2010 with the average
value of 4.7.

The device utilization rates from 2008 to 2011 are pre-
sented in Table 2. Catheter-associated IR was in range from
7.23 to 15.57 for period from 2008 to 2011 with the average
value of 10.38. Urinary catheter days/ patient days ranged
from 0.5 t0 0.7.

Patient population

There were a total of 226 patients with NIS in our hos-
pital’s SICU between February 2006 and December 2011. Of
these patients, 64 had CAUTI as defined in this study, and
162 met the criteria for the control group. The mean age of
infected patient was 58.3 £ 20.4 (range, 15-92) years. Of 226
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Table 1

Distribution of patients with surgical intensive care units, nosocomial infections and infection rate (IR) by year

Years of follow-up Patients (n) Patients-days (n) UTI (IR+1000)
2006 201 1,900 3(1.6)
2007 143 1,819 2(1.1)
2008 255 2,263 12 (5.3)
2009 227 2,251 9 (4.0)
2010 234 2,905 25 (8.6)
2011 309 2,623 13 (5.0)

Total: 1,369 Total: 13,761 Avarage: 64 (4.7)

UTI - urinary tract infection.

Table 2

Device utilization rates for urinary catheter (UC) from 2008 to 2011

Years of follow-up UC-days Patient-days UC utilization UTI UC associated IR
2008 1,228 2,263 0.5 12 9.77
2009 1,054 2,251 0.5 9 8.54
2010 1,606 2,905 0.5 25 15.57
2011 1,797 2,623 0.7 13 7.23
Total : 5,685 Total : 10,042 0.6 Total : 59 Average: 10.38

UTI — urinary tract infection; IR — infection rate.

patients, 141 (62.4%) were males and 85 (37.6%) were fema-
les. A total of 185 (81.9%) patients had surgery before their
ICU admission and 41 (18.1%) did not; 30 (13.3%) patients
had diabetes and 196 (86.7%) did not, and 38 (16.8%) pati-
ents had cancer. The mean duration of having an inserted
catheter was 29.87 + 35.11 days, and the mean duration of
ICU stay was 20.94 + 20.29 days.

Clinical factors

The results of %* test and t-test to observe differences
between the patients with CAUTI and the control group are
shown in Table 3. The difference in the duration of having an
indwelling catheter was statistically significant between the

two groups (p = 0.002). The duration of having an indwelling
catheter was longer in CAUTI patients (43.53 + 45.26 days)
than in the control group (24.47 + 28.59 days). Female sex was
also a significant risk factor for CAUTI (OR =2.06; 95%CI
1.09-3.87; p=10.016). Age also appear to be a significant risk
factor (p = 0.039) in univariate analysis. Other factors were not
significantly different between the groups (p > 0.05).

Multivariate logistic regression analysis (Homer-
Lemeshow Goodness of Fit test) identified two risk factors
independently associated with CAUTI: the duration of ha-
ving an indwelling catheter (OR =1.014; 95% CI 1.005—
1.024; p=0.003) and female gender (OR =2.377; 95%CI
1.278—4.421; p=0.006). Age did not appear to have a signi-
ficant effect.

Table 3
Results of univariate analysis of factors contributing to catheter-associated urinary tract infection (CAUTI)
occurrence
Clinical factors CAUTI (n = 64) Controls (n = 162) p value
Sex, n (%) 0.016
male 32 (50) 109 (67.28)
female 32 (50) 53 (32.72) ¥ =5.84; OR = 2.06 (1.09-3.87)
Age (years), mean + SD (SE) 53.84 £21.08 (2.635) 60.06 + 19.94 (1.567) 0.039
Diabetes mellitus, n (%)
diabetic patient 9(14.4) 21 (13.0) 0.826
nondiabetic patient 55(85.9) 141 (87.0) '
Cancer, n (%)
cancer patient 13 (20.3) 25 (15.4) 0377
noncancer patient 51 (79.7) 137 (84.6) ’
Recent surgery, n (%)
yes 54 (84.4) 131 (80.9) 0.537
no 10 (15.6) 31(19.1)
Duration of ICU stay (days), 2528 +2520 19.22 £17.79 0.082
mean + SD (SE) (3.151) (1.398) ’
Duration of catheterization (days), 43.53 +45.26 24.47 +28.59
mean + SD (SE) (5.658) (2.247) 0.002

The values are presented as number (%) or mean + standard deviation (SD); SE — standard error; ICU — intensive

Care Unit.
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Microbiological factors

Overall 71 pathogens were isolated from the urine cul-
ture of 64 patients with CAUTI. Candida spp. was the most
frequently isolated microorganisms (20 patients, 28.2%)
(Table 4). Of the Pseudomonas aeruginosa isolates, second
most frequently causative agent (13 patients, 18.3%), 69.2 %
(9/13) and 46.1% (6/13) were resistant to ciprofloxacin, and
imipenem, respectively. Other found species were Klebsiella
spp. (11 patients, 15.5%), out of which 81.8% (9/11) were
the third generation of cephalosporin resistant, and Enetero-
coccus spp (9 patients, 12.7%). Among the enterococcal iso-
lates, vancomycin resistance was found in 11.1% (1/9). Car-
bapenem-resistant Klebsiella spp. was first reported in urine
culture in 2011 (1 patient, 9.0%).

Table 4

Etiology of catheter-associated urinary tract infections in

the Surgical Intensive Care Unit of the Military Medical
Academy, Belgrade, Serbia

Pathogen No. of isolates (%)

Gram-negative bacteria 41 (57.7)
Pseudomonas aeruginosa 13 (18.3)
Klebsiella spp. 11 (15.5)
Escherichia coli 8 (11.3)
Acinetobacter spp. 5(7.0)
Proteus spp. 34.2)
Pseudomonas spp. 1(1.4)

Gram-positive bacteria 10(14.1)
Enterococcus spp. 9 (12.7)
Staphylococcus aureus 1(1.4)

Fungi 20 (28.2)
Candida spp. 20 (28.2)

Total 71 (100)
Discussion

The catheter-associated IR was in the range from 7.23
to 15.57 (10.38) infections per 1000 catheter days for the pe-
riod from 2008 to 2011. Summary of device-associated in-
fections data collected and reported by hospitals participating
in the NHSN from January through December 2006 showed
that pooled mean CAUTI rates ranged 3.1-7.5 infections per
1,000 catheter days »*. Finklestein et al ** found the incidence
of 10—-14 UTTI per 1,000 catheter days among 337 patients in
a single Israeli ICU.

Urinary catheter days/patient days ranged from 0.5 to
0.7 in our study. Between 15% and 25% of hospitalized pati-
ents may receive indwelling urinary catheters > **. In many
cases, catheters are placed for inappropriate indications or
there is a prolonged, unnecessary use of catheters *~'. In a
NHSN report in 2006, pooled mean urinary catheter utiliza-
tion ratios in ICU was in the range from 0.29 to 0.91 urinary
catheter-days/patient-days *°.

The urinary catheter provides a route for bacterial entry
along both its external and internal surfaces (extraluminal
and intraluminal route of microorganism migration) **. Con-
tamination of urine in the drainage bag can allow organisms
to access the bladder through the drainage tube and the cat-
heter lumen.

The formation of biofilms on the surface of the catheter
and drainage system is associated with prolonged durations

of catheterization **. Microorganisms that colonize the periu-
rethral skin can migrate into the bladder through a biofilm
that forms between the epithelial surface of the urethra and
the catheter. Also, the presence of the catheter itself impairs
many of the normal defense mechanisms of the urinary tract.

In this study, two risk factors (duration of catheterizati-
on and female gender) were found to be independently asso-
ciated with infection. Female gender was a significant factor
associated with UTI in several other studies also ***’. Increa-
sed duration of catheterization was identified as
independently associated with CAUTI in this study and in
some other ***’. Rosser et al. *' found that the length of cat-
heterization was one of the independent factors associated
with the development of nosocomial UTI. The daily risk of
bacteriuria with catheterization is 3% to 10% ***, approac-
hing 100% after 30 days **.

The most common microorganisms responsible for
ICU-acquired UTIs in this study were Candida spp., Pseu-
domonas aeruginosa, and Klebsiella spp.

The most frequent pathogens associated with CAUTI
according to summary of data that hospitals reported to
NHSN from January 2006 through October 2007 were Es-
cherichia coli (21.4%) and Candida spp. (21.0%), followed
by Enterococcus spp. (14.9%), Pseudomonas aeruginosa
(10.0%), and Enterobacter spp. (4.1%) *.

Similarly to data in our study, the most common causa-
tive microorganism of ICU-acquired UTI was Candida spp.
in study of intensive care unit-acquired UTIS in Singapore *°.

Laupland et al. *’ found that the most frequent microor-
ganisms in ICU-acquired UTIs were Escherichia coli (23%),
Candida albicans (20%), Enterococcus spp. (15%) and Pse-
udomonas aeruginosa (10%).

Antimicrobial resistance among nosocomial pathogens
is the increasing problem in our hospital, especially in
SICU ** *. Resistance of gram-negative pathogens to third-
generation cephalosporin and ciprofloxacin was few times
higher than in NHNS reported during the three periods,
1992-2004, 2006-2007 and 2008-2009 '>*>**, In our SICU
carbapenem-resistant Klebsiella spp. was first reported in
urine culture in 2011. Prevention is a top priority for redu-
cing person-to-person transmission of carbapenem-resistant
Klebsiella spp. and will be a challenge for all healthcare
workers in our hospital in future. This is especially true be-
cause there are very limited treatment options to use after the
development of carbapenem-resistance.

Candida spp. is unusual cause of UTI in healthy indivi-
duals, but common causes of UTI in the hospital setting.
Most of the patients in our study received broad-spectrum
antibiotics in the ICU. This could have resulted in decoloni-
zation of normal bacterial flora, allowing Candida spp. to
grow and become the dominant microorganism.

Conclusion

The results of the case-control study confirm that a
critical illness is commonly complicated by the develop-
ment of nosocomial CAUTI. The length of urinary cathete-
rization and female gender are significant risk factors of
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CAUTI. The most frequently isolated microorganisms respon-
sible for SICU acquired CAUTI in this study were Candida
spp., Pseudomonas aeruginosa, and Klebsiella spp.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Risk factors and causative microorganisms associated with

CAUTI in SICU patients must be considered in planning of pre-
ventive measures against urinary tract infections in this setting.

REFERENCES

Viincent J. Nosocomial infections in adult intensive-care units. Lan-
cet 2003; 361(9374): 2068—77.

Fridkin SK, Welbel ST, Weinstein RA. Magnitude and prevention of
nosocomial infections in the intensive care unit. Infect Dis Clin
North Am 1997; 11(2): 479—96.

Viincent JL, Bibari DJ, Suter PM, Bruining HA, White J, Nicolas-
Chanoin MH, et al. The prevalence of nosocomial infection in in-
tensive care units in Europe. Results of the European Prevalence
of Infection in Intensive Care (EPIC) Study. EPIC International
Advisory Committee. JAMA 1995; 274(8): 639—44.

Eriksen HM, Iversen BG, Aavitsland P. Prevalence of nosocomial in-
fections in hospitals in Norway, 2002 and 2003. ] Hosp Infect
2005; 60(1): 40—5.

Lizioli A, Privitera G, Alliata E, Antonietta BE, Boselli 1, Panceri ML,
et al. Prevalence of nosocomial infections in Italy: result from the
Lombardy survey in 2000. ] Hosp Infect 2003; 54(2): 141-8.
Richards M, Edwards JR, Culver DH, Gaynes RP. Nosocomial infec-
tions in combined medical-surgical intensive cate units in the
United States. Infect Control Hosp Epidemiol 2000; 21(8): 510—5.
Richards MJ, Edwards JR, Culver DH, Gaynes RP. Nosocomial infec-
tions in medical intensive care units in the United States. National
Nosocomial Infections Surveillance System. Crit Care Med 1999;
27(5): 887—92.

Lanpland KB, Zygun DA, Davies H, Church DL, Louie T], Doig CJ.
Incidence and risk factors for acquiting nosocomial urinary tract
infection in the critically ill. ] Crit Care 2002; 17(1): 50—7

Haley RW, Culver DH, White JW, Morgan WM, Emori TG. The na-
tionwide nosocomial infection rate. A new need for vital statistics.
Am J Epidemiol 1985; 121(2): 159—67.

Stamm WE. Catheter-associated urinary tract infections: epidemi-
ology, pathogenesis, and prevention. Am ] Med 1991; 91(3B):
65S—718.

Saint §. Clinical and economic consequences of nosocomial cathe-
ter-related bacteriuria. Am J Infect Control 2000; 28(1): 68—75.
Tambyah PA, Knasinski 1/, Maki DG. The direct costs of nosoco-
mial catheter-associated urinary tract infection in the era of man-
aged care. Infect Control Hosp Epidemiol 2002; 23(1): 27—31.
Weinstein MP, Towns ML, Quartey SM, Mirrett S, Reimer 1.G, Par-
migiani G, et al. The clinical significance of positive blood cultures
in the 1990s: a prospective comprehensive evaluation of the mi-
crobiology, epidemiology, and outcome of bacteremia and
fungemia in adults. Clin Infect Dis 1997; 24(4): 584—602.
HELICS. Sutveillance of Nosocomial Infections in Intesive Cate
Units. Protocol. Version 6.1. 2004. [cited 2014 Jun 19]. Available
from:

http:/ /www.sicsag.scot.nhs.uk/HAI /helics protocol.pdf

National Nosocomial Infections Surveillance System. National Nosoco-
mial Infections Surveillance (NNIS) System Report, data summary
from January 1992 through June 2004, issued October 2004. Am ]
Infect Control 2004; 32(8): 470—85.

Garmer |8, Jarvis WR, Emori TG, Horan TC, Hughes JM. CDC defini-
tions for nosocomial infections, 1988. Am | Infect Control 1988;
16(3): 128—40.

Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance defi-
nition of health care-associated infection and criteria for specific
types of infections in the acute care setting. Am ] Infect Control
2008; 36(5): 309—32.

CDC. NHSN. Catheter-Associated Urinary Tract Infection
(CAUTI) Event. |[cited 2014 January] Available from:

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

http://www.cdc.gov/nhsn/PDFs/pscManual /7pscCAUTIcur
rent.pdf
Gokula R, Smith M, Hickner ]. Emergency room staff education

and use of a urinary catheter indication sheet improves appro-
priate use of foley catheters. Am ] Infect Control 2007; 35(9):
589—-93.

Gould CV, Umscheid GA, Agarwal RK, Kuntz G, Pegues DA, -
Healthcare Infection Control Practices Advisory Committee . .
Guideline for prevention of catheter-associatedurinary tract in-
fections 2009. 2010. [clted 2010 Mar 19]. Available from:

.cdc.gov.] .ca/hi

M

Hooton TM, Bradley ST, Cardenas DD, Colgan R, Geerlings SE, Rice
JC, et al. Diagnosis, prevention, and treatment of catheter-
associated urinary tract infection in adults: 2009 International
Clinical Practice Guidelines from the Infectious Diseases Soci-
ety of America. Clin Inf Dis 2010; 50(5): 625—063.

Dolin 8], Cashman [N. Tolerability of acute postoperative pain
management: nausea, vomiting, sedation, pruritus, and urinary
retention. Evidence from published data. Br ] Anaesth 2005;
95(5): 584—91.

Wald HL., Ma A, Bratzler DW, Kramer AM. Indwelling urinary
catheter use in the postoperative period: analysis of the na-
tional sutgical infection prevention project data. Arch Surg
2008; 143(6): 551—7.

Emori TG, Culver DH, Horan TC, Jarvis WR, White JW, Olson
DR, et al. National nosocomial infections surveillance system
(NNIS): description of surveillance methods. Am | Infect
Control 1991; 19(1): 19—35.

Edwards |R, Peterson KD, Andrus ML, Tolson ]S, Goulding JS,
Dudeck MA, et al. National Healthcare Safety Network
(NHSN) Report, data summary for 2006, issued June 2007.
Am ] Infect Control 2007; 35(5): 290—301.

Finkelstein R, Rabino G, Kassis 1, Mahamid 1. Device-associated,
device-day infection rates in an Israeli adult general intensive
care unit. ] Hosp Infect 2000; 44(3): 200—5.

Warren JW. Catheter-associated urinary tract infections. Int ]
Antimicrob Agents 2001; 17(4): 299—303.

Weinstein JW, Magon D, Pantelick E, Reagan-Cirincione P, Dembry
LM, Hierholzer W]. A decade of prevalence surveys in a terti-
ary-care center: trends in nosocomial infection rates, device
utilization, and patient acuity. Infect Control Hosp Epidemiol
1999; 20(8): 543—8.

Munasinghe RL, Yazdani H, Siddigne M, Hafeez W. Appropriate-
ness of use of indwelling urinary catheters in patients admitted
to the medical service. Infect Control Hosp Epidemiol 2001;
22(10): 647-9.

Jain P, Parada [P, David A, Smith 1.G. Overuse of the indwelling
urinary tract catheter in hospitalized medical patients. Arch In-
tern Med 1995; 155(13): 1425-9.

Saint S, Wiese ], Amory K, Bernstein ML, Patel UD, Zemencuk JK,
et al. Are physicians aware of which of their patients have in-
dwelling urinary catheters. Am ] Med 2000; 109(6): 476—80.
Nickel JC, Costerton JW, Mclean K], Olson M. Bacterial biofilms:
influence on the pathogenesis, diagnosis and treatment of uri-
nary tract infections. ] Antimicrob Chemother 1994; 33 Suppl
A: 3141,

Saint S, Chenoweth CE. Biofilms and catheter-associated utinary
tract infections. Infect Dis Clin North Am 2003; 17(2):
411-32.

Mladenovié J, et al. Vojnosanit Pregl 2015; 72(10): 883-888.



Page 888

VOJNOSANITETSKI PREGLED

Vol. 72, No. 10

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

van der Kooi TII, de Boer AS, Mannién ], Wille |C, Beanmont MT,
Mooi B, et al. Incidence and risk factors of device-associated
infections and associated mortality at the intensive cate in the
Dutch surveillance system. Intensive Care Med 2007; 33(2):
271-8.

Bochicchio GV, Joshi M, Shih D, Bochicchio K, Tracy K, Scalea TM.
Reclassification of urinary tract infections in critically III
trauma patients: A time-dependent analysis. Surg Infect 2003;
4(4): 379-85.

Leone M, Albanese |, Garnier F, Sapin C, Barran K, Bimar M, et al.
Risk factors of nosocomial catheter-associated urinary tract in-
fection in a polyvalent intensive care unit. Intensive Care Med
2003; 29(7): 1077-80.

Tissot E, Limat S, Cornette C, Capellier G. Risk factors for cathe-
ter-associated bacteriuria in a medical intensive care unit. Eur |
Clin Microbiol Infect Dis 2001; 20(4): 260—2.

Foxman B. Epidemiology of urinary tract infections: Incidence,
morbidity, and economic costs. Am ] Med 2002; 113(Suppl
1A): 5—-13.

Platt R, Polk BF, Murdock B, Rosner B. Risk factors for nosoco-
mial urinary tract infection. Am ] Epidemiol 1986; 124(6):
977-85.

Medina M, Martinez-Gallego G, Sillero-Arenas M, Delgado-Rodriguez;
M. Risk factors and length of stay attributable to hospital in-
fections of the urinary tract in general surgery patients. Enferm
Infecc Microbiol Clin 1997; 15(6): 310—4.

Rosser CJ, Bare R, Meredith JW. Urinary tract infections in the
critically ill patient with a urinary catheter. Am ] Surg 1999;
177(4): 287-90.

Garibaldi RA, Mooney BR, Epstein B, Britt MR. An evaluation of
daily bacteriologic monitoring to identify preventable episodes
of catheter-associated urinary tract infection. Infect Control
1982; 3(6): 466—70.

Saint S, Lipsky BA, Goold SD. Indwelling urinary catheters: A
one-point restraint. Ann Intern Med 2002; 137(2): 125—7.

44,

45,

46.

47.

48.

49.

50.

Warren JW, Tenney JH, Hoopes [M, Muncie HL, Anthony WC. A
prospective microbiologic study of bacteriuria in patients with
chronic indwelling urethral catheters. ] Infect Dis 1982; 146(6):
719-23.

Hidron Al, Edwards |R, Patel |, Horan TC, Sievert DM, Pollock
DA, et al. NHSN annual update: antimicrobial-resistant
pathogens associated with healthcare-associated infections:
annual summary of data reported to the National Healthcare
Safety Netwotrk at the Centers for Disease Control and Pre-
vention, 2006-2007. Infect Control Hosp Epidemiol 2008;
29(11): 996—-1011.

Tay MK, Lee ]Y, Wee 1Y, Obh HM. Evaluation of intensive care
unit-acquired urinary tract infections in Singapore. Ann Acad
Med Singap 2010; 39(6): 460—5.

Laupland KB, Bagshaw SM, Gregson DB, Kirkpatrick AW, Ross T,
Church DL Intensive care unit-acquired urinary tract infections
in a regional critical care system. Crit Care 2005; 9(2): R60—5.
Svﬂﬁagz'f U, Cobelji¢c M, Jankovié S, Mirovié V', Markovii-Denié 1,
Romié P, et al. Nosocomial bloodstream infections in ICU and
non-ICU patients. Am J Infect Control 2005; 33(6): 333—40.
Suljagi¢ V) Jevtic M, Djordjevic B, Jovelic A. Surgical site infections
in a tertiary health care center: prospective cohort study. Surg
Today 2010; 40(8): 763—71.

Sievert DM, Ricks P, Edwards |R, Schneider A, Patel ], Srinivasan
A, et al. Antimicrobial-resistant pathogens associated with
healthcare-associated infections: summary of data reported to
the National Healthcare Safety Network at the Centers for
Disease Control and Prevention, 2009-2010. Infect Control
Hosp Epidemiol 2013; 34(1): 1—14.

Received on June 24, 2014.
Revised on September 4, 2014.
Accepted on September 4, 2014.
Online First August, 2015.

Mladenovié J, et al. Vojnosanit Pregl 2015; 72(10): 883-888.





