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Abstract Vascular access is invaluable in the treatment of
hospitalized patients. Central venous catheters provide a du-
rable and long-term solution while saving patients from re-
peated needle sticks for peripheral IVs and blood draws. The
initial catheter placement procedure and long-term catheter
usage place patients at risk for infection. The goal of this
project was to develop a system to track and evaluate central
line-associated blood stream infections related to intervention-
al radiology placement of central venous catheters. A custom-
ized web-based clinical database was developed via open-
source tools to provide a dashboard for data mining and anal-
ysis of the catheter placement and infection information.
Preliminary results were gathered over a 4-month period
confirming the utility of the system. The tools and methodol-
ogy employed to develop the vascular access tracking system
could be easily tailored to other clinical scenarios to assist in
quality control and improvement programs.

Keywords Data collection - Data mining - Medical
informatics applications - Reporting - Software design -
Workflow re-engineering

Background

Central venous access is an important tool in the treatment of
critically ill patients. In the USA, over 15 million catheter
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days/year are recorded in the intensive care unit alone [1].
Placement of a central venous catheter (CVC) is a basic skill
for nearly every medical specialty; however, it is not without
risk. Complication rates during catheter placement are report-
ed as high as 15-33 % [2, 3]. Even after successful placement,
having an indwelling CVC puts patients at risk for central line-
associated bloodstream infections (CLABSI). Each year in the
USA, central venous catheters cause an estimated 80,000
catheter-related blood stream infections in intensive care units
(ICUs) [4]. A total 0f 250,000 cases of blood stream infections
have been estimated to occur annually if entire hospitals are
assessed and, as a result, up to 62,000 deaths among patients
in hospitals [5].

National quality improvement efforts have been directed
towards decreasing the incidence of CLABSI and have
succeeded in reducing the number of ICU patients suffering
a central line infection by 63 % between 2001 and 2009 [6].
To continue this trend, hospital quality improvement pro-
grams must continually monitor placement and outcomes
among all medical specialties that routinely place central lines
to identify and correct problems rapidly.

Clinical informatics tools can facilitate clinical outcome
tracking after central line placement. At our institution, cath-
eter placements are recorded in the electronic medical record,;
however, the system lacks the capability to easily search for
recently placed catheters or differentiate lines placed by dif-
ferent hospital departments. Variability in the coding of inter-
ventional procedures, limited search capabilities, and lack of a
workflow for documenting follow-up precluded the use of the
radiology information system (RIS) or picture archiving and
communication system (PACS).

The pre-existing system for tracking each central line
placed by interventional radiology consisted of an Excel
(Microsoft, Redmond, WA) spreadsheet on a single office
computer. The spreadsheet contained patient info, date of
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placement, and follow-up information at 30 days after place-
ment. This method relied on the manual effort of a single
medical assistant to perform all documentation of line place-
ments, determine when follow-up was needed and when
follow-up was completed. The data was incomplete and not
standardized, making automated analysis impossible. A dedi-
cated online tool called the venous access tracking system was
created to standardize data entry, allow documentation by
multiple users simultaneously, automatically populate the list
of patients needing follow-up, and provide basic analysis tools
to examine the data.

Methods

As part of a quality improvement initiative, the institu-
tional review board (IRB) determined that this project is
not a research involving human subjects, and IRB review
and approval was not required. An interventional radiolo-
gy fellow and a medical assistant were responsible for
entry of central venous catheter placement data and
follow-up information into the web application during
the pilot deployment and testing phase. A companion
Excel spreadsheet was maintained with the patient name
and medical record number (MRN) along with identical
procedural and follow-up data to gauge data validity and
integrity. The spreadsheet was saved on a secure depart-
mental network storage drive in compliance with institu-
tional protocols. A key was used to link each application
record with a spreadsheet entry for follow-up purposes.
The application was hosted on a departmental worksta-
tion. Future deployment on a dedicated institutional virtu-
al server will allow for the storage of protected health
information (PHI); however, the costs associated with cre-
ation and maintenance were considered too high for the
prototype and testing phase.

For ease of accessibility throughout the hospital, offices,
and clinics, a web-based approach was chosen as all institu-
tional workstations have access to a web-browser. The devel-
opment packages were chosen for several reasons including
cost, ease-of-use, extensive online support, and developer fa-
miliarity. The components chosen (Node.JS, MongoDB,
Bootstrap) are all free and open source software [7-9].
Node.JS enables client and server construction using
JavaScript as the sole programming language, unifying devel-
opment. JavaScript is a simple but powerful web-based pro-
gramming language that is supported in all modern web-
browsers and offers an extensive online support community
and open-source libraries enabling a variety of complex fea-
tures. MongoDB, a document-oriented database, was chosen
to store the patient and follow-up information as the inherent
formatting of database entries in JavaScript Object Notation
(JSON) simplified the server-side coding for database
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administration and querying. Finally, client-side webpage de-
velopment was facilitated by Bootstrap, a collection of hyper-
text markup language (HTML) and cascading style sheet
(CSS) tools for creating uniform streamlined user interfaces.

The structure of the application is depicted in Fig. 1.
The server contains the database and data processing
engine. The client-side web interface consists of web
forms for data entry, database queries, and data analysis
display. Authentication was implemented to ensure data
confidentiality. The data model for each procedure and
follow-up information is shown in Fig. 2. The client and
server communicate through a custom application-
programming interface (API), opening the possibility
for future applications to make use of the database and
the information it contains.

The webpage interface allows any authenticated user to
enter the information for a newly placed line. The system
automatically recognizes when 30 days have elapsed from
time of catheter placement and displays the record in the
“Pending Follow-Up” queue. Following departmental proto-
col, a user performing patient follow-up would then conduct a
chart review and contact the patient directly to determine if he/
she had developed any signs or symptoms of an infection or
had documentation of an infection in the interval. If the patient
is unreachable or the follow-up is incomplete, the attempt is
documented and the record remains in the “Pending Follow-
Up” queue. Once follow-up has been completed, the record is
removed from the “Pending Follow-Up” list but remains eas-
ily accessible under the “Browse Registry” tab (Fig. 3a—e¢).

Records in the database are searchable and may be browsed
entry-by-entry or queried by date of placement, type of line,
side, site, and follow-up results. The system also provides a
dashboard consisting of high-level analysis of the database for
infection rates over time, by catheter type, and by site and side
of placement (Fig. 31).

Results

The venous access tracking system (VATS) was deployed on a
pilot basis over a 4-month period (July 2014—October 2014).
A total of 186 central venous catheters were placed by the
interventional radiology service during the pilot period and
entered into the database. Manual comparison was made be-
tween the VATS database and companion spreadsheet. No
discrepancy or loss of data was identified, and the application
remained operational and online throughout the trial period.
Catheter-related infections were defined as the presence of
infectious symptoms or positive blood cultures between place-
ment and follow-up at 30 days. Fourteen possible central line-
associated bloodstream infections were identified during fol-
low-up.
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Fig. 1 High-level structural
diagram of how the application VENOUS ACCESS TRACKING DATABASE
components interact with one
another )
/ SERVER \ CLIENT
Node.JS
Web
API|
MongoDB ’) =
Discussion provide a valuable resource for examining a difficult to mea-

Central line-associated bloodstream infections remain a qual-
ity improvement priority for decreasing hospital-related mor-
bidity and mortality. Retrospective analysis of catheter-related
clinical follow-up information has typically involved exten-
sive chart review, which is time-consuming, difficult, and of-
ten incomplete. The ability to automatically collect and ana-
lyze this type of procedural information is not otherwise avail-
able at our institution, either through the electronic medical
record (EMR) or the RIS. Using a prospective custom built
database containing relevant procedural information and
obtaining follow-up information at defined intervals can

Fig. 2 Data model for each
catheter placement and
subsequent follow-up

procedure :{
name
mrn
datePlaced
line o
vein
side
type
followup :[{
date

infection
comments

success

JSON Data Model

var cvLineSchema = {

PROCEDURE
: String, Name
: String,
: String, MRN
Placement
: String,
: String,
: String},
: String,
: Stri Date
: String,
: String, Infection
: Boolean}] Comments
Success (Yes/No)

sure problem.

Trial implementation of our venous access tracking system
demonstrated the feasibility and utility of quantifying the
number and type of venous access procedures being per-
formed within the department as well as the associated infec-
tion information at 30 days follow-up. The application suc-
cessfully provided a simple to use interface with reliable data
storage and real-time analysis using open-source tools.

The availability of open-source software, libraries, and
large user support community has lowered the barrier for
rapid development of useful and powerful clinical infor-
matics tools. The design and coding of the VATS took
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Venous Access Tracking System

Pending Follow-Up  Add Line Placement  Browse Registry ~ Search  DataAnalysis  Export  Configuration
Date Placed ~ Name MRN Line Type Follow-Up
Total Lines: 186
07/18/2014 39 39 NeoStar ncomplete L. e Follow-Up: .,
07/18/2014 40 40 Single Lumen Port Incomplete - one: &
07/18/2014 41 a Double Lumen Groshong  Incomplete
07/18/2014 37 a7 Tunneled Dialysis Catheter  Incomplete
072172014 43 43 Single Lumen Port Incomplete
08/01/2014 63 6 SBCC Incomplete
08/06/2014 70 70 Tunneled Dialysis Catheter  Incomplete
08/18/2014 83 8 NeoStar Incomplete
08/22/2014 91 9 NeoStar Incomplete
08/25/2014 92 % Double Lumen Port Incomplete
08/27/2014 98 % Tunneled Dialysis Catheter  Incomplete
08/29/2014 100 100 NeoStar Incomplete
08/30/2014 101 101 Tunneled Dialysis Catheter  Incomplete
09/02/2014 134 134 Double Lumen Groshong  Incomplete
09/03/2014 107 107 NeoStar Incomplete
09/03/2014 108 108 Double Lumen Groshong ~ Incomplete A

Venous Access Tracking System dotterlR

Pending Follow-Up  Add Line Placement  BrowseRegistry  Search  DataAnalysis  Expot  Configuration
Date Line Type. Follow-Up  Edit  Delete Cathoter Information:
0711812014 Double Lumen Groshong Complete £ %
07/18/2014  Tunneled Dialysis Catheter Complte £ % Name: 47 MRN: 47
071812014 NeoStar Complete £ %
07/18/2014  Double Lumen Groshong Incomplete £ x DatePlaced  Side Vein Type
077182014 Double Lumen Groshong Comple. #F | X 07/22/2014  Right  Intemal Jugular  Temporary Apheresis Catheter
07/21/2014  Single Lumen Port Incomplete £ %
077212014 NeoStar Complete £ % Follow-Up
077212014 Temporary Apheresis Catheter  Complete £ %
07/21/2014  Temporary Apheresis Catheter  Complete Ve x Date Infected  Comments Completed
07/22/2014 Temporary Apheresis Catheter ~ Complete. W~ x 11/04/2014  Yes Blood cultures positive one day Yes
07/22/2014  Double Lumen Groshong Complete £ % Lidd
07/23/2014  Double Lumen Groshong Complete £ X
07/24/2014 Single Lumen Port Complete 7 x
07/25/2014 Single Lumen Port Complete £ x
0772512014 NeoStar Complete £ %
0772512014 Single Lumen Port Complete £ X
C
Venous Access Tracking System dotterlR
PendingFollow-Up  Add Lino Placement  BrowseRegisty ~ Search  DataAnalysis  Export  Gonfiguration
Select Date
P prop——— s =

Search Results...

dotterlR  Logout

Logout ~ Venous Access Tracking System

Logout  Venous Access Tracking System

Add Follow-Up Information

Previous Follow-Up

Date Infoction  Comments Completed  Delete

08/18/2014 No  Cultures pending x

05/13/2015 No

Patient could not be reached by telephone x

Current Follow-Up:

Completed: No

Date:  05/13/2015

Infoction:

dotterlR  Logout

Pending Folow-Up  Add Line Placement  Browse Registry  Search  DataAnalysis  Export  Configuration
Patient: Line:
Name: Side:  Right
MRN: Type: Tunneled Dialysis Catheter
Venous  Intemal Jugular
Access:
Date Placed: AT Procedure:  Placement

D

dotterlR  Logout

Pending Follow-Up  Add Line Placement  Browse Registry  Search  DataAnaysis ~ Export  Configuration

07/01/2014 - 10/31/2014

+ MTunneled Dialyss Catheter
+ ¥Groshong

+ WNeostar

« MESmall Bore Central Catheter

+ rickman

+ WTemporary Apheresis Catheter
- MSingle Lumen Port

+ ¥Doudle Lumen Port

+ ¥Other

Fig.3 Screenshots of the application in use showing a the pending follow-up queue, b addition of follow-up information, ¢ browsing the entire registry,
d documenting a new catheter placement, e search of the registry, and f data analysis looking the types of catheters placed over a defined time period

less than 120 h total; the majority of which was per-
formed over an initial 72-h period with development of
the core documentation and storage functions. The re-
maining development time was used for refinements
and the addition of search and analysis functions.
While the VATS was designed to track infectious com-
plications after central venous catheter insertion, the un-
derlying technology could be easily tailored to track a
wide variety of clinical scenarios. The use of a represen-
tational state transfer (REST) API in the Node.JS client-
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server interface also allows for future integration with
other web-enabled interfaces.

Society of Interventional Radiology (SIR) reporting
standards for central venous access classifies “early
complications” as those occurring within 30 days of the pro-
cedure [10]. However, infection control protocols at our insti-
tution associate bloodstream or catheter-related infections
with the catheter placement procedure only if it occurs within
10 days of placement. The 30-day follow-up period resulted in
the identification of infections or infectious symptoms not
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related to the initial catheter placement procedure. Our insti-
tutional protocol for identification of CLABSI also includes a
patient questionnaire assessing for signs/symptoms of infec-
tion after placement. The authors became aware of the insti-
tutional protocol after the termination of the pilot period and
plan to incorporate these changes into the next version of the
VATS application.

Limitations of the VATS application are related to its cus-
tom design and development. Changes and additions to the
application must be made at a developer level and depend
upon a user with coding expertise and a familiarity with the
codebase. Commercial alternatives exist, both proprietary
(Access, Microsoft, Redmond, WA) and open-source (Base,
Apache Software Foundation, Forest Hill, MD), that provide
the database infrastructure and user interface tools necessary
to develop a similar system, although still require a developer
with familiarity of the platform to build and maintain such a
system. In addition, some commercial EMR software pack-
ages are capable of registering or tracking medical implants;
however, use of these systems and data-mining/reporting are
dependent upon the institutional support for these functions.

Future goals for this application are integration with both
the radiology reporting system and EMR. Queries of recently
dictated procedure reports could be used to automatically de-
tect and record information on newly placed catheters.
Integration with the EMR could facilitate identification of
infections (i.e., positive blood cultures) and automate clinical
documentation in the patient’s chart after follow-up has been
performed.

Conclusion

Central venous access catheters are a significant source of
patient morbidity and mortality. Quality improvement

programs have demonstrated substantial decrease in infection
rates over the last decade. To continue this trend, clinical
tracking utilities such as the VATS are needed for prospective
monitoring of patient outcomes. Open-source tools enable the
rapid design and implementation of instruments such as the
VATS that can facilitate data collection and reporting, and
ultimately, giving clinicians timely feedback to positively af-
fect patient care.
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