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A 32 AR FIFS E8F ASHA

AAPAE Aoy a9 Holm  7]ES THA] W
TAYFeR wF FokHolm Atge]l Al HriAE b AlFEe fEE
AEstE Ao s wl g8o7 o]ojxal Q) Th(Streefkerk et al., 2020;

van Mourik et al., 2021; Verberk et al., 2022; Wald et al., 2014). =55 k%] 2l
T34 Bgs skl 8 viAbs 52 4 Asst WrHoR

thekst AAF 7hA] Al AElo] 7 uky] Q) a7 (Freeman et al., 2013; Streefkerk et al.,

AN 7] 32 (Lin & Trick, 2021), 12.5-98.4%°] @] dd=lo] 5 At
4= G35 H s3I th(Russo et al., 2018). HA FFA] Al AHO] ok
787119 A AFelA Had da A AlAES] YEE 0.8
oo ® =gty Eo|rE 0.37-1 Alo]E ThekslAl Ka1w 9l th(Streefkerk
et al., 2020). 3,500 e FT= WHAA WA= HAE FAA AME,

AYSA A wd, AR ARE ugoR JRpud o4

’ = =
AtElE AdEsta, - dlelHe AAY RIuANE A= A
A 2~ES JNEslela, WS 98.8%, Eo|% 93.0%%E =& AL

AT A oF 200% AHokd 4 AT B IISHATHDu et al., 2014).

T 220082 EVIHeAN FEAA FAAE doer &

A A AHE AEeto] 7S Al WRIF vlaske] WIZEE 90.3%,

Eol% 100%= FAEa, 7IE #A Wl HlE AEHAR oF
85%2] Azt Aok mIE ¥ 3131 th(Koller et al., 2010).

AEHA L] 8ol FAE I QAN L A S A A

9 FEEe] JuE A AES 25%vto] AR JAH O T ALEE I
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21 tH(de Bruin et al., 2014; Verberk et al., 2022). o] A|7}A] B ¥ A=A} A9

A A" sk dolHE Vwto R 3t oA A EQl ATt

o
32
N
rEl
)
r
=2
rir

2428 89 =Y, Aol A ZzAx o

therst ZAIstE W o= sy Qlth(Dos Santos et al., 2021;

41%% F713A dAAE Y Qo] &E Fde Baudh nt

2 tH(Cho et al., 2018).
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Asd AR #E L2739 AsEA

o Uglo A AEEta gl NHSNS CAUTI Xehr|&e Baksla,
F3A < Feto] Faste] A 7 WEAdo] A, AIZE 27 AE
AFE7EA] & Jfdte] AJE¥ a1 QItHCDC, 2022; Wright et al., 2017). 32}
oz 7)ol A el CAUTIS As3tAl Eo g Jees F7istr] Sl
16,4929 ¢ A5 o ® 3 6719 ATE v EAEES W F
117} = (pooled sensitivity):= 97.5% (95% Cl, 67.6-99.9), =3 £-] % (pooled

specificity):= 92.6% (95% CIl, 55.2-99.2)% $&holxo] =E3l¥l CAUTI

B
o

AA = =2 AR 5ol22 §83 =795 &lsksith(Shen &
Cui, 2021). 947*87%F°] <olm 7|l 417719 CAUTI 191d A=
AEsle] CAUTIE 4714 W o2 vlusiisd], (1) 29 a5 e

ot 7] AE, (2) ¥ dolE Hlo]AE o] &3 HAH{HA(electronic

o

surveillance), (3) AAIAIE Sall gld 3] ARE A5 AP
715 AE, @) 71 7159 AN E FE gld SxE AT
AR st Ay T o4 WE BFCE ko] &3 BUE
ettt 1 A3 (1) F713A= WS 43.8% (26.4%-62.3%), E°]%
82.5% (75.3%-88.4%) %1 WHH, (2) AAHAlE= RIZEE 100.0% (89.1%-100.0%),
5ol% 2.8% (0.8%-7.0%)%1 1L, (3) MAFIAISE A4 ARG VISHEES
Hagls w W= 100.0% (89.1%-100.0%), S°]% 100.0% (97.5%-
Hasto], ZAS] AR Aol &8 dHelx AR E

g8 A B JFE8AE Qs At (Hsu et al., 2015).
= Mg A s AP At e 23S S
ot due]Fo]l f-8-3Hdl, Hsu 5(2015)2] Aol A v AE AAF A,
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FAEET dd A, 99, 59 AHE o] &3 CAUTI AF5A] &2

7= 100%0]Y SO0l E7F 2.8% (0.8-7.0%)F Hkou o ARE

l

F71el S u W E 78.1% (60.0-90.7%), S°l% 100% (97.5-100%)=

Solert AA FdHel 2d FRIL AFHAM B JEA=

-

ol A9 dlol A 184 o]4to] 29799 ¥ FAE Ao
FAERS #4d AsHA & R AFelA udE AAF Ads
QERY TS AT dugFol A¥HEs Folvd FEsita

A thH(van der Werff et al., 2021). %3t 71gk, ¥, wixFof %
QEE ST Fd ug Y ARE FUist daEse] UgE
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(0.624-0.807)= 7} &3 7HA] 2H 0% <153 th(van der Werff et al.,
2021).
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A3 AT =HH

B oJ3= NHSN 7155 w93k CAUTI A5 55 /st
Je w9 5 284S vusts AR A|AE ) AFo]th CAUTI
A B N "9 FJrhe AlAE A AT

P

7] (software
development life cycle. SDLC)ll whet 4], AA|, 7id, & 2 FH71

GAZ A3 = ok(Figure 1).

‘ Analysis : Identify required data and function of the automated surveillance tool

Design : Design database, algorithm rule, user interface of the automated
surveillance tool

| Development : Develop CAUTI automated surveillance tool

the automated surveillance tool

| Implementation & Evaluation : Evaluate the usability and effectiveness of

Figure 1. The Development Process of the Automated Surveillance Tool
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2. CAUTI A-s7Alol L3 HolgHolx 4A

Aabdel o] doledo] A FExtel FQ dHolHE FH3ha,
AT oA AFESE gEAE AJAE Q1 AMIS 3.0 WA 58k
ZofoldE ¢ Au| o] HolgHolA 4 HolE 7t #AAES AA T

3. AH&-A Qe H o] A (User Interface) A A

TAAAA EEE VsS FEsH7] $138] Microsofte] Excel 20167

s2ow AAdgm, o Aol PR A wHde ng
ML
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A 33 A

dlolejrol A A, QIF#HelA AHA, d¢uE FHS REYgst
CAUTI #A53HA] &2 A7 delr ALg T 8 RHAA~HRL AMIS
3.0 deoll Zadald dF A4 zrafow JpEgH A $E S
Microsoft Visual Studio 2015 (.Net Framework 4.6)ll%] DevExpress
Component$} Application Service Shell< C#2 ©]-83}%] 11, Eclipse 7% 8+H7
4l Oracle Database(19c) 7]¥Fe. = 7|t lth(Figure 2). 7| 7|3+

2022\ 1956 6¥€7H4] 67 €0l 4~ FH 3t}

AMIS 3.0

{ API

4 N\
{ Database { Rule

{ User Interface

\ CAUTI /

surveillance tool

Figure 2. System Architecture of the Automated Surveillance Tool
Note: AMIS, Asan Medical Information System; API, Application Programming Interface;

CAUTI, cathter-associated urinary tract infection
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Table 1. Types of the Automated Surveillance Tool Evaluation

What How

A self-administered usability evaluation questionnaire for
the automated surveillance tool by the infection
preventionists.

1. Usability of the
automated surveillance tool

Calculated sensitivity, specificity, positive predictive
value, and negative predictive value by comparing the
2. Accuracy of the results of surveillance performed using the manual
automated surveillance tool surveillance method (reference standard) with the results of
surveillance identified by the researcher using the
automated surveillance tool.

Compared the self-reported time spent by infection
preventionists performing infection surveillance using
conventional versus automated surveillance methods.

3. Effectiveness of the
automated surveillance tool
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AMIS 3.0 EMR

Nursing records
- Fever
- UTI Symptoms

Laboratory data
- Pasitive urine culture

- Positive blood cultrue . .
- Invasive device

Patient Profile data Medical records
- Name, patient 1D, unit - Fever
- Gender, admission date - UTI Symptoms
- Discharge date etc. - Invasive device

LJa

Infection preventionists

Figure 3. The Conventional Surveillance System

Note: AMIS, Asan Medical Informaiton System; EMR, electronic medical record; UTI,

urinary tract infection
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AMIS 3.0 EMR

Laboratory data

Patient Profile data - Positive urine culture
- Positive blood culture

i Nursing records
- Name, patient ID, unit

- Gender, admission date
- Discharge date etc.

- Fever

- Invasive device

[ API ]
[ Database [ Rule ]
CAUTI
surveillance tool
[ User Interface ] J

LJa

Researcher or Infection preventionists

Figure 4. The Automated Surveillance System
Note: AMIS, Asan Medical Informaiton System; EMR, electronic medical record; API,

Application Programming Interface; CAUTI, catheter-associated urinary tract infection
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Table 2. Confusion Matrix

Reference
Subtotal
CAUTI Non-CAUTI
CAUTI TP(true positive) FP(false positive) TP+FP
Test
Non-CAUTI FN(false negative) TN(true negative) FN+TN
Subtotal TP+FN FP+TN

Note: CAUTI, catheter-associated urinary tract infection

W 7} 5 (Sensitivity) = TP/ (TP+FN) X 100

£ o] I (Specificity) = TN / (FP+TN) X< 100

A ol = = (Positive Predictive Value, PPV) = TP / (TP+FP) X 100
o] = %= (Negative Predictive Value, NPV) = TN/ (FN+TN) < 100
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Table 3. Screens for CAUTI Identification in Conventional and Automated Surveillance Systems

Category

Login

Infection
surveillance
management

Case
information

Conventional surveillance

Related screens
AMIS 3.0

Microbiology test result

Integrated test result

Admission note

Nursing and treatment

Integrated clinical
observation

ltems

N/A

Identification of microorganisms, microbial
counts

Review microbiology results

Review reason for hospitalization

Review indwelling urinary catheter
placement, maintenance, and removal
information

Review fever symptoms

Automated surveillance

Related screens
AMIS 3.0

CAUTI patient list

CAUTI patient
identification

ltems

Extract CAUTI patient automatically

Review individual patient infection

information

-Microbiology results

-Reason for hospitalization

-Indwelling urinary catheter information

-Fever symptoms

-Admission, transfer, and discharge
information

N/A

Note: AMIS, Asan Medical Informaiton System; N/A, not applicable; CAUTI, catheter-associated urinary tract infection
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Table 3. (Continued)

Conventional surveillance Automated surveillance
Category
Related screens Items Related screens Items
Nursing process record Review UTI-related symptoms
Case Progress note Review UTI-related symptoms N/A
information
Change physician, unit Review admission, transfer, and discharge
and room by patient information
. C_:a}se . Identify case manually Identify case automatically
identification
Case N/A Register case manually CAUTI Register case automatically

registration registration
Note: N/A, not applicable; UTI, urinary tract infection; CAUTI, catheter-associated urinary tract infection
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Table 4. CAUTI Rules Extracted from NHSN Algorithm

@

@

If the patient's urine culture is positive, proceed to the next step; otherwise, rule it out
as a non-healthcare-associated infection.

If the organism count is >100,000 CFU/mL organisms meeting the criteria for UTI
within the IWP period, proceed to the next step; otherwise, exclude it as not meeting
the criteria.

If <2 organisms meeting the criteria for UTI are isolated within the IWP period,
proceed to the next step; otherwise, exclude them as not meeting the microbial
criteria.

% The diagnosis of UTI does not require microbiological confirmation or mixed
growth.

If the duration of exposure (DOE) is >2 days after admission, proceed to the next
step; otherwise, rule it out as an underlying infection.

If an indwelling urinary catheter has been in place for more than 2 days and the date
of infection (DOE) is more than 2 days after insertion of the indwelling urinary
catheter or less than 1 day after its removal, proceed to the next step; otherwise, rule
out as not a catheter-associated infection.

1 year and 365 days of age or younger at the time of prescription: If temperature is
greater than 38°C or less than 36°C during IWP period, proceed to next step.

Older than 1 year of age at time of prescription: If the temperature during the IWP

period is 38°C or higher, proceed to step 8; otherwise, proceed to step 7.
If the organism isolated from the blood culture during the IWP is the same as the UT]

organism, proceed to the next step; otherwise, rule it out.

If a CAUTI is diagnosed within 14 days (RIT) of the DOE, exclude it as a new case;

otherwise, identify as a new CAUTI.

Note: UTI, urinary tract infection; IWP, infection window period; DOE, date of event;

CAUTI, catheter-associated urinary tract infection; RIT, repeat infection timeframe
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Identify the diagnostic test that All elements required to meet Determine the Date of
will determine the Infection the NHSN definition occur € erl':r:::]t;(DBE; eo
Window Period(IWP) within the IWP

Determine if DOE during the

Determine the location of Determine if the infection is Healthcare-associated
attribution device-associated Infection(HAI) or Present on
Admission(POA) timeframe?
" J

Determine the 14-day Repeat
Infection Timeframe(RIT)

Figure 5. Flowchart for NHSN Event Determination

Positive urine culture with no more than two species of organism, at least one of which is a
bacterium of >10° CFU/mL. All elements of the UTI criterion must occur during the TWP

~

Had a indwelling urinary catheter that had been in place of > two days and was either;

1. Still present for any portion of the calendar day on date of event
2. Removal day before date of event(DOE)
J
~
At least one of the following signs or symptoms
a. Any age patient: fever > 38 °C, suprapubic tenderness, costovertebral angle pain, urgency, dysuria, frequency

b. Patients < | year of age; fever > 38 °C, hypothermia < 36 °C, suprapubic tenderness, costovertebral pain,
apnea, bradycardia, lethargy, vomiting )
~

Organism identified from blood specimen with at least one matching bacterium to
bacterium in the urine at >105 CFU/mL

S

Figure 6. CAUTI Identification Flowchart

Note: UTI, urinary tract infection; CFU, colony forming unit
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Table 5. Data Elements for the CAUTI Automated Surveillance Tool

Category
Patient demographic information

Hospitalization information

Microbiology test results
information

Indwelling catheter information

UTI symptoms

Note: UTI, urinary tract infection

Detailed information
Patient number, name, gender, age

Admission/transfer/discharge date and unit

Urine culture, blood culture, microorganism type,
microorganism count, specimen order date, ordering
department

Indwelling urinary catheter type, insertion date,
removal date, indwelling urinary catheter insertion
unit

Fever (>38°C), hypothermia (<36°C) and date of
symptom onset
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Table 6. Functions for the Automated Surveillance Tool

Key Features

Surveillance
code
management

Batch
processing of
surveillance

Review
patient list

CAUTI patient
registration

CAUTI
patient list view

Details
View, enter, delete, and download Excel of microbiology test codes,
microbiology codes for diagnosing UTI, microbiology codes

excluded from UTI diagnosis, and indwelling urinary catheter codes.

View batch process results by time period, patient list of batch

process results. Aggregate by date, delete aggregate results
Browse infection surveillance patient list and infection diagnosis
information by date, time period, unit, department, and patient

Link to Infection Diagnosis Patient Registration screen

Browse infection diagnosis history, patient ID, age, gender,
demographic information, admission/transfer/discharge information,
microbial culture positive result, indwelling urinary catheter
information, UTI-related symptoms, and infection diagnosis results

according to NHSN diagnostic criteria.

Register and deregister patients with an infection diagnosis
Enter and delete infection-related indwelling urinary catheter
Print a report of registered patients with CAUTI

Search the list of patients diagnosed with CAUTI by infection period,

infection unit, medical department, and patient

Download the list of patients diagnosed with CAUT]I by infection

period, unit, department, and patient in Excel format.
View individual case reports of patients diagnosed with CAUTI

Export individual case reports of patients diagnosed with CAUTI to

Excel, Hangul, and PDF files.

Note: UTI, urinary tract infection; NHSN, National Healthcare Safety Network; CAUTI,

catheter-associated urinary tract infection; PDF, portable document format
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Positive UCx > Mot HAI
No

| Not HAI

No
l Yes
< 2 organisms -
within IWP N Not HAI

—» Not HAI

= 2 days after admission
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ays catheter start
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o
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Positive BCx

same organism —» Not CAUTI

Yes .

Mot new CAUTI
case

Figure 7. Flow Diagram of the Automated Surveillance Tool
Note: UCx, urine culture; HAI, healthcare-associated infection; CFU, colony forming unit;
IWP, infection window period; DOE, date of event; CAUTI, catheter-associated urinary

tract infection; BCx, blood culture; RIT, repeat infection timeframe
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Table 7. Data Elements for Screened CAUTI Patient List

Item

Patient registration
Date of infection

Present on admission (POA)
status

Unit where infection occurred
Prescribing unit
Hospitalization unit

Date of admission

Transfer-in date

Transfer-out date

Discharge date
Discharge path

Date of admission to date of
infection
Date of transfer-in to date of
infection

Description

Confirmed and saved in [CAUTI Patient Register] Y

Test prescription date or symptom onset date

Infection occurred less than 3 days after hospitalization

Hospitalized unit within 2 days of infection
The unit where the prescription date occurred
Source department

Patient admission date

Date of transfer-in to the unit where the infection
occurred

Date of transfer-out from the unit where the infection
occurred

Discharge date of the encounter

Transfer/discharge/death

Date of infection - date of admission +1

Date of infection - date of transfer +1

Note: CAUTI, catheter-associated urinary tract infection
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Table 8. Data Elements for Individual CAUTI Patients

Cate
gory

Item Description

Hospitalization Information

Date of infection

Unit of infection occurred
Medical specialty
Physician name

Date of admission

Date of admission to date of
infection

Present on admission (POA)
status

Transfer-in date

Date of admission to date of
infection

Transfer-out date

Discharge date

Mode of delivery, gestational
age

Diagnosis date
Reason for admission
Device information

Insertion date

Place of insertion

Date of insertion to date of
infection

Infection information

Infection classification

Causative organism

Importing information from [CAUTI list]
First department the day before the infection
Last medical department on day -2

Last physician on day -2 of infection

Retrieve information from patient
Date of infection - date of hospitalization +1

If infection diagnosis date is hospitalization
day 1 or2

Based on unit where infection occurred, read
from patient information

Infection date - transfer-in date +1

Based on the care unit where the infection
occurred, imported from patient information

Imported from patient information

View if age is 1 year (365 days) or less

Primary diagnosis,
diagnosis information

imported from patient

Imported from patient nursing information

Retrieve indwelling urinary catheter
information

View in order of greatest number by insertion
date - removal date

Retrieve indwelling urinary catheter
information

Review and enter location of the catheter

Infection date, insertion date +1

Retrieve information from [CAUTI list]

Note: CAUTI, catheter-associated urinary tract infection
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Table 9. PSSUQ Score and Reliability by Category

(N=10)
Category N of items Mean + SD Range CmA':gﬁ;h,s
System Usefulness 6 1.45+0.19 1-3 0.905
Information Quality 6 1.95+0.63 1-6 0.749
Interface Quality 3 1.77+0.24 1-3 0.898
Total 16 1.7+ 0.46 0.934

Note: SD, standard deviation
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Table 10. Mean and Standard Deviation of PSSUQ Score by Item

Category

System
Usefulness

Information
Quality

Interface
Quality

Overall

No.

10

11

12

13

14

15

16

ltem

Overall, | am satisfied with how easy it is to use this
system

It was simple to use this system

I was able to complete the CAUTI surveillance
quickly using this system

| felt comfortable using this system

It was easy to learn to use this system

I believe I could become productive quickly using
this system

The system gave error messages that clearly told me
how to fix problems

Whenever | made a mistake using the system, | could
recover easily and quickly

The information provided with this system was clear

It was easy to find the information I needed

The information was effective in helping me
complete the tasks and scenarios

The organization of information on the system
screens was clear

The interface of this system was pleasant

I liked using the interface of this system

This system has all the functions and capabilities |
expected it to have

Overall, | am satisfied with this system

Total

(N=10)
Mean £ SD
1.4+0.52
15+1.71
1.3+0.48

1.3+0.48

1.8+0.92

1.4+0.84
3.1+£1091

2.0+0.82

2.1+0.88

1.4+0.70

1.4+0.70

1.7+ 0.67

1.8+0.79

1.5+0.82
2.0+0.82

15+0.71

1.7 +0.46

Note: SD, standard deviation; CAUTI, catheter-associated urinary tract infection
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Table 11. Confusion Matrix of the Automated Surveillance Tool

Reference standard(n)

Subtotal
CAUTI Non-CAUTI
Automated surveillance tool results
CAUTI 103 3 106
Non-CAUTI 1 4513 4514
Subtotal 104 4,516 4,620

Note: CAUTI, catheter-associated urinary tract infection

L AFrelA CAUTIZ Xee $kxbe o277 46.2%% 1, 5
FA7F 24%= At HE e @Al 8 wskth dol= H 63.74
QI, A" WeE 3MFE 9AMZEAYT CAUTI FEkA el Al
]

N
L

o
.

o

T 26%, CAUTI X&7kA1e] FATwd A} A= Hf

12492 A1, A 2] 92.3%+= 757 CAUTIZ X oHE Qloh(Table
12).
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Table 12. Demographic and Clinical Characteristics of CAUTI Patients

Characteristics Value
Female, n (%) 48(46.2)
ICU patients, n (%) 25(24.0)
Age in years
Mean 63.7
Median 65.5

Length of hospital stay prior to CAUTI in days
Mean 26.0

Median 155

Length of indwelling urinary catheter use prior to CAUTI in
days

Mean 12.4

Median 7.0
CAUTI, n (%)

Symptomatic 96(92.3)

Asymptomatic 8(7.7)

Note: CAUTI, catheter-associated urinary tract infection; ICU, intensive care unit
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Table 13. Comparison of CAUTI Identification Time between Conventional and

Automated Surveillance

Automated Conventional
Type n (%) surveillance tool surveillance t P

Mean(S) £ SD Mean(S) £ SD

CAUTI 200 (50) 48.0 + 21.24 370.8+9453 3331  <0.001
Non- 200 (50) 9.7+283 164.8+5272  29.37  <0.001

CAUTI Es O = e ' '
Total 400 (100) 28.9 + 24.44 2678+ 12841 2585  <0.001

Note: n=number of surveillance cases

CAUTI, catheter-associated urinary tract infection; S, second; SD, standard deviation
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= 1. Identifying SUTI and ABUTI Flowchart

Positive urine culture with no more than two species of organism, at least one of which is a bacterium of > 10° CFU/ml. All elements of the UTI criterion must
occur during the Infection Window Period (Note: if none of the organisms present at > 10° CFU/ml are bacteria, answer = No)

Does not meet
UTI criteria

either:

OR

Had an indwelling urinary catheter that had been in place for > two days AND was

1. Still present for any portion of the calendar day on date of event

2. Removed day before date of event?

At least one of the following signs or symptoms?

a. Any age patient: fever (>38.0°C), suprapubic tenderness*
costovertebral angle pain*, urgency?, dysuria®, frequency®

b. Patients <1 year of age: fever (>38.0°C), hypothermia (36.0°C)
suprapubic tenderness*, costovertebral pain*, apnea*, bradycardia*®,
lethargy*, or vomiting®.

*With no other recognized cause

AThese symptoms cannot be used when catheter is in place

At least one of the following signs or symptoms?

a. Any age patient: fever (>38.0°C), suprapubic tenderness*
costovertebral angle pain*, urgency®, dysuria®, frequency®

b. Patients <1 year of age: fever (>38.0°C), hypothermia (<36.0°C)
suprapubic tenderness*, costovertebral pain*, apnea*, bradycardia®,
lethargy*, or vomiting®.

*With no other recognized cause

AThese symptoms cannot be used when catheter is in place

Meets criteria for
non-catheter
associated SUTI

ABUTI

Organism identified* from blood specimen with at least
one matching bacterium to bacterium in the urine at >
100,000 CFU/mI?

*identified by a culture or non-culture based
microbiologic testing method which is performed for
purposes of clinical di is or (e.g., not
Active Surveillance Culture/Testing (ASC/AST).

Meets criteria for non-
catheter associated

Does not meet UTI

criteria

SUTI (CAUTI)
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Organism identified* from blood specimen with at least
one matching bacterium to bacterium in the urine at >
100,000 CFU/mI?

*identified by a culture or non-culture based
microbiologic testing method which is performed for
purp of clinical diag! or (e.g., not
Active Surveillance Culture/Testing (ASC/AST).

Meets criteria for
catheter-associated

Meets criteria for
catheter assoclated criterla
ABUTI (CAUTI)

Does not meet UTI



1r

Is there a
Repeat
Infection
Timeframe
(RIT) in place
for the same
ewvent type?

STOP
No new event is
found, add eligible
pathogens to the
original event

2. Flow Diagram for NHSN Event Determination

Identify the diagnostic test,
or in the absence of a diag nostic test,
the localized sign/symptom that will
determine the Infection Window
Period (IWP)

Do all elements
required to meet
the NHSN definition
occur within the [——P=
Infection Window

Period (IWF)?

Determine
the Date of Event
(DOE)

4 STOP
Notan NHSN event
—_—

Determine if DOE
during the
Healthcare-

Is the bloodstream
infection primary?

Determine the 14-day
Repeat Infection Timeframe
(RIT)

Refer to the NHSN Patient Safety Component Manual,

Chapter 2 for detailed guidance.
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P associated Infection
(HAI) or Present on
Admission (POA)
time frame?

Determine the

location of
attribution

If the bloodstream infection
is secondary, determine the
Secondary BSI Attribution
Period (SBAP)

Determine if the
infection is device-
associated
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Abstract

Development and evaluation of an automated
surveillance tool for catheter-associated urinary

tract infection

Eun Ok Kim
College of Nursing
The Graduates School

Seoul National University

The purpose of this study was to develop and evaluate an automated surveillance
tool for catheter-associated urinary tract infection (CAUTI) based on the Centers for
Disease Control and Prevention (CDC) National Healthcare Safety Network (NHSN)
criteria using electronic medical records at a tertiary teaching hospital in Seoul. The
automated surveillance tool was developed and evaluated following the phases of
the systems life cycle methodology: analysis, design, development, implementation,
and evaluation.

During the analysis phase, the CAUTI identification rules, the necessary data and
functionality for the automated surveillance tool were extracted. In the design phase,
the CAUTI algorithm, database, and user interfaces were designed. In the
development phase, the automated surveillance tool was developed within the

medical information system. In the implementation and evaluation phase, ten
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difficult CAUT]I cases were identified and used to assess the inter-rater reliability of
the manual surveillance system which served as the reference standard. The usability
of the automated surveillance tool was evaluated using the PSSUQ questionnaire.
The accuracy of the automated surveillance tool was evaluated by comparing
surveillance results with those of manual surveillance. The work efficiency was
evaluated by comparing the time required for CAUTI identification between manual
and automated surveillance.

As results, 8 NHSN CAUTI rules were extracted, 23 data elements, and 5 main
with 17 detailed functions required for the automated surveillance tool were
extracted. In the design phase, we designed the flowchart of the CAUTI algorithm,
the database with 7 tables, and user interfaces for 5 main and 17 sub-screens. In the
development phase, the tool was developed in C# in the development environment
of Microsoft Visual Studio 2015 (.Net Framework 4.6) within Asan Medical
Information System (AMIS) 3.0, of the study hospital. During the implementation
and evaluation phases, the inter-rater reliability was confirmed with 100% agreement.
The usability evaluation of the automated surveillance tool showed very high
performance and satisfaction with an average score of 1.7 for all items. The accuracy
of the automated surveillance tool showed sensitivity of 99.04%, specificity of
99.93%, positive predictive value of 97.17% and negative predictive value of
99.98%. For work efficiency, automated surveillance took an average of 28.9
seconds, while manual surveillance took an average of 267.8 seconds to identify
CAUTI event (p<0.001).

The automated surveillance tool developed in this study can be used for CAUTI
infection surveillance with high accuracy. However, in order to improve accuracy of
event identification, further research is recommended to develop an automated

surveillance tool with a set of subjective UTI symptoms, which were not included in
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the tool developed in the study because these symptoms were neither standardized

nor structured.

Keywords: Healthcare-associated infection, Catheter-associated urinary tract
infection, Automated surveillance, Electronic surveillance, Automated surveillance
tool for catheter-associated urinary tract infection

Student Number: 2006-30140
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